Iowa State Journal of Research 49.4 by unknown
IOWA STATE JOURNAL OF RESEARCH I Contents, Volume 49 
No. 1, August 1974 
HAUGEN, A. 0. Reproduction of the plains bison. . . . . . . . . . . . . . . . . 1 
WIITROCK, D. D., and N. WILSON. Ectoparasites of the badger, Taxidea taxus 
(Schreber, 1778) in northwestern Iowa with a list of species recorded from North 
America . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
DEONIER, D. L. Biology and descriptions of immature stages of the shore fly 
Scatophila iowana (Diptera: Ephydridae) . . . . . . . . . . . . . . . . . . 17 
ZANZALARI, D., and R. H. SHAW. Effect of different spring soil-moisture levels on 
moisture stress. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 
GREEN, D. E., R. M. SHIBLES, and B. J. MORAGHAN. Use of hillplots of short 
rows to predict soybean performance under wide- and narrow-row management . 39 
Index to Masters' Theses, 1973-74. . . . . . . . . . . . . . . . . . . . . . . . . 47 
Index to Doctoral Dissertations, 1973-74 . . . . . . . . . . . . . . . . . . . . . 74 
No. 2, Part 1, November 1974 
TANTIVIT, A., and K. J. FREY. Inheritance of groat-protein percentage in reciprocal 
crosses among and with Avena spp. . . . . . . . . . . . . . . . . . . . . . . 89 
SHAW, R.H. A weighted moisture-stress index for corn in Iowa . . . . . . . . . . . 101 
RUPNOW, A. A. Anxiety, teaching methods, and motor performance of children . . 115 
KNIGHT, H. H. A key to species of Phytocoris Fallen belonging to the Phytocoris 
junceus Kngt. group of species (Hemiptera, Miridae) . . . . . . . . . . . . . 123 
HOFFMANN, J. K. Morphological variation in species of Bakernema, Criconema, and 
Criconemoides (Criconematidae: Nematoda) . . . . . . . . . . . . . . . . . 137 
BACHMANN, R. W., and J. R. JONES. Phosphorus inputs and algal blooms in lakes. . 155 
No. 2, Part 2, November 1974 
Humanities Symposium on Rural Life 
NASH, R. Introduction. . . . . . . . . . . . . . . . . . . . . . . . . . . 161 
THOMSON, G. W. The prairie grove revisited . . . . . . . . . . . . . . . 165 
HOLLENBACH, P. W. The meaning of desert symbolism for civilization in ancient 
Israel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169 
DREXLER, M. B. Rural life in the stage settings of ancient theatre . . . . . . . 181 
BATAILLE, R. The esthetics and ethics of farming: the southern agrarian view . 189 
BERNARD, R. W. Noel du Fail's portrait of country life in the Propos Rustiques 195 
NORMAN, B. City and country in Saint-Amant . . . . . . . . . . . . . . . . 201 
SANDROCK, J.P. The vision of rural life in German Heimatliteratur . . . . . . 207 
VINOGRADE, A. C. The key role of the rural settings in the stories of Yury 
Kazakov . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211 
No. 3, Part 1, February 1975 
BRINDLEY, T. A., K. M. MILTON, and W. D. GUTHRIE. European corn borer: a 
bibliography 1925-1973 . . . . . . . . . . . . . . . . . . . . . . . . . . . . 217 
NETUSIL, A. J. Improving conceptual knowledge and procedures in educational 
statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255 
POWELL, E. C. The ultrastructure of the excretory bladder in the supposed 
anepitheliocystid cercariae of Posthodiplostomum minimum (McCallum, 1921) 259 
No. 3, Part 2, February 1975 
Conference on Intensive Culture of Forest Crops 
'PJ{,ESTEMONi D.R. Preface to conference on intensive culture of forest crops. 263 
NELSON, A. W. Jr. Summary of keynote address: Why consider intensive culture? 265 
GORDON, J.C. The productive potential of woody piants . . . . . . . . . . . 267 
BENTLEY, W.R. Economic environment of intensive culture. . . . 275 
DAWSON, D. H. Are cultural methods available to maximize yields? ....... 279 
IOWA STATE JOURNAL OF RESEARCH I Contents , Volume 49 
DICKMANN, D. I. Plant materials appropriate for intensive culture of wood-fiber in 
the North Central Region . . . . . . . . . . . . . . . . . . . . . . . . . . . . 281 
WHITE, E. H. , and D. D. HOOK. Establishment and regeneration of silage 
plantings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 287 
BOYLE, J . R. Nutrients in relation to intensive culture of forest crops ....... 297 
MACE, A. C. Jr ., and H. M. GREGERSEN. Evaluation of irrigation as an intensive 
cultural practice for forest crops . . . . . . . . . . . . . . . . . . . . . . . . 305 
URIE, D. H. Nutrient and water control in intensive silviculture on sewage renova-
t ion areas . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313 
HEILIGJVTANN, R. B. Weed control for the intensive culture of short rotation 
forest crops . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319 
SCHULTZ, R . P. Intensive culture of southern pines: maximum yields on short 
rotation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325 
BELANGER, R. P., and J. R . SAUCIER. Intensive culture of hardwoods in the 
South .... .. .. . . . . . . . . . ................. . 
DeBELL, D.S. Short-rotation culture of hardwoods in the Pacific Northwest. 
No. 4, Part 1, May 1975 
GALE, W. F . Bottom fauna of a segment of pool 19, Mississippi River, near 
. 339 
.345 
Fort Madison, Iowa, 1967-1968 . . . . . . . . . . . . . . . . . . . . . 353 
PRESTEMON, D.R., W. J . GOUDY, and R. G. POUNDS. Assessing attitudes of 
lower-income, small-town families toward basic housing alternatives ...... 373 
ENGEL, T. M., and E. S. TAKLE. Computation of solar altitude and azimuth. . 377 
WELLER, M. W. Studies of cattail in relation to management for marsh wildlife . 383 
KNIGHT, H. H. , and J. C. SCHAFFNER. Additional species of Lopidea Uhler 
from Mexico and Guatemala (Hemiptera, Miridae). . . . . . . . . . . . 413 
MUCHINSKY, P. M. Attitudes of petroleum company executives and college 
students toward various aspects of the current "energy crisis" . 423 
No. 4, Part 2, May 1975 
Symposium on Interdisciplinary Research to Develop Integrated Plant Pest Management 
Systems 
BROWNING, A. J. Introductory remarks . . .................... 431 
MAHLSTEDE, J. P. Introductory remarks . . . . . . . . . . . . . . . . . . . . . 432 
LEWIS, L. C. Natural regulation of crop pests in their indigenous ecosystems and 
in Iowa agroecosystems: bioregulation of economic insect pests . . . . . . . . 435 
HANSON, A. A. Toward ecological stability in the management of plant pests . . 44 7 
PEDIGO, L. P. Insect threats and challenges to Iowa agroecosystems. . . . . . . 457 
STERN, V. M. The bioeconomics of pest control. . . . . . . . . . . . . . . . . 467 
THOMPSON, H. Association between plant pests and cultural practices in field 
crop management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 73 
NORTON, D. C. Association between plant pests and cultural practices in field 
crop management: soil-borne diseases ...................... 477 
FREY, K. J . Note .... ... . . . ... . ................ .. . . 499 
FEHR, W. R. Using host plant resistance to manage pathogen populations . . . . . 501 
DUVICK, D. N. Using host resistance to manage pathogen populations: a corn 
breeder's commentary . . . . . . . . . . . . . . . . . . . . . . . . . . 505 
OWENS, J.C. An explanation of terms used in insect resistance to plants. . . 513 
GUTHRIE, W. D. Entomological problems involved in developing host-plant 
resistance programs . . .. ... . . ... . ........ . ......... 519 
RUSSELL, W. A. Breeding and genetics in the control of insect pests ........ 527 
DICKE, F. F . The role of insects in some diseases of maize ............. 553 
DAHM, P.A. Selective insecticides: retrospect and prospect. . . . . . . . . . . . 559 
EPSTEIN, A.H. The role of fungicides in pest management . . . . . . . . . . . . 565 
HUFF AKER, C. The place and promise of biological management of crop pests . . 569 
IOWA STATE JOURNAL OF RESEARCH I Contents, Volume 49 
TACHIBANA, H. The place and promise of biological management of pests in 
annual cropping systems . . . . . . . . . . . . . . . . . . . . . . . . . . 583 
BEEGLE, C. C. Biological control in annual cropping systems . . . . . . . . . 591 
DeMICHELE, D. W. An evaluation of modeling, systems analysis, and operations 
research in defining agricultural research needs and priorities in pest 
management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 597 
HEADLEY, J.C. The economics of pest management decisions by individual 
growers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 623 
MAHLSTEDE, J. P. Concepts, organization, and funding of interdisciplinary 
research . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6'29 
IOWA STATE JOURNAL OF RESEARCH I MAY, 1975 
Vol. 49, No. 4, Pt. 1 353-372 
BOTTOM FAUNA OF A SEGMENT OF POOL 19, MISSISSIPPI 
RIVER, NEAR FORT MADISON, IOWA, 1967-19681 
William F. Ga/e2 
ABSTRACT: This study was begun in 1966 as the first of a two-phase investigation to deter-
mine effects of dredging on fauna of Pool 19 of the Mississippi River. Monthly, from June to 
December 1967, four 7 .6-cm core samples were taken at seven stations near the site of proposed 
dredging. 
The molluscan fauna included 13 species of gastropods, 7 species of sphaeriids, and 22 
species of unionids. Qualitatively, unionids appear to have changed little sin~e 1930 to 1931, 
but Anadonta imbecillis has replaced Amblema plicata as the most abundant species. More 
than 80% of the organisms collected were Sphaerium transuersum, with a mean of about 
40,000/m2 • S. transuersum was absent only on bare rock or sandy shores subject to wave ac-
tion. Fontigens nickliniana and Somatogyrus isogonus were abundant snails. 
Of the insects Hexagenia spp., because of their size, are most important as fish and duck 
food. In June up to 1,600 Hexagenia /m 2 occurred in shallow water; in winter, densities were 
greatest in deep water. Cryptochifono_mils · sp. and Coelotanypus sp. were the most common 
chironomids and Oecetis spp. were the most abundant caddisflies. 
Amphipods, Hyalella azteca, were associated with vegetation in shallow water in summer 
but occurred throughout the study area in fall. Leeches, Glossiphonia complanata, Helobdella 
stagnalis and Erpobdella punctata were abundant with densities ranging up to 68,000/m2 in 
areas with shelter. Limnodrilus hoffmeisteri was the most common oligochaete. 
Standingcropsofbenthosranged up to 11,000 kg/ha in summer, a high biomass compared 
to other areas. Changes in biomass generally reflected changes in the standing crop of S. 
transuersum. Total organisms/m2 were maximum in fall. Standing crops of invertebrates in 
coves were extremely low and appeared to have been suppressed by fish predation. 
INTRODUCTION 
As a resting and feeding site for hundreds of thousands of migrating diving ducks, Pool 19 
is "unexcelled" on the upper Mississippi (A. S. Hawkins in a mimeographed report to U.S. 
Bureau of Sport Fisheries and Wildlife, May 5, 1966). Pool 19 ranked third among the 24 pools 
on the Upper Mississippi in commercial harvest of fish from 1953 to 1964 (Nord, 1967). The 
area is an important recreation center, providing excellent waterfowl hunting and sport fishing. 
Plans of the U.S. Army Corps of Engineers called for dredging of a 2.6-km navigation 
channel below Fort Madison, Iowa (Fig. 1). In response, a cooperative study was initiated at 
Iowa State University in 1966 to investigate effects of dredging on bottom fauna, fish, and 
waterfowl. 
The objectives of this study were to (1) survey bottom fauna in Pool 19 before dredging 
as a basis of comparison for post-dredging studies, (2) measure seasonal changes in bottom-
1 Journal Paper No. J-6605 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa. Project 1373. A contribution from the Iowa Cooperative Fishery Unit sponsored 
by the Iowa State Conservation Commission, Iowa State University of Science and Technology, 
and the Bureau of Sport Fisheries and Wildlife (U.S. Department of Interior). 
2 Ichthyological Associates, R. R. #1, Berwick, Pa. 18603. 
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fauna populations, and (3) gain information on life histories of some aquatic organisms. Only 
the first two objectives are reported here. 
Description of the Study Area 
Pool 19 is a 75-km stretch of Mississippi River in extreme southeastern Iowa. The 13,560-ha 
pool (Nord, 1967) lies between dams at Burlington and Keokuk , Iowa. Extensive siltation has 
occurred since the river was dammed at Keokuk in 1913, and much of the area below Fort 
Madison (Fig. 1) is now less than 2 m deep. 
Pool 19 is best described as a river-lake. Currents are substantial near the channel, but 
elsewhere are moderate to lacking. Daily mean water levels fluctuate only a few centimeters, 
except during spring flooding. Between Fort Madison and Montrose the pool is up to 4 km 
wide and wind-swept. Wave action roiled the substrate and kept secchi disk readings between 
15 and 51 cm in July and August, 1966. Readings in quiet backwaters often exceeded 61 cm. 
Much of the area is less than 1 m deep; numerous backwaters are filled with American lotus, 
Nelumbo lutea; arrowhead, Sagittaria spp. ; coontail, Ceratophyllum sp; and pondweeds, 
Potamogeton spp. In Summer, sloughs are blanketed with duckweed , Lemna spp. ; watermeal, 
Wolffia sp.; and mosquito fern, Azolla sp. 
Description of Stations 
In 1966 nine transects were sampled between river miles 374 and 385 (Fig. 1). Most data 
reported here came from systematic sampling in 1967 in the vicinity of proposed dredging; 
primarily on Transect 3. Transect 3 was selected because it (1) bisected the proposed dredging 
site, (2) contained a variety of habitats, and (3) was readily accessible from a docking facility. 
Station 1 (Table 1) located in the center of a backwater area, lacked measurable current 
and was adjacent to submergent and emergent vegetation. A greater variety of benthic organisms 
was found at Station 1 than at other stations. 
Stations 4 to 8 on Transect 3 were about 260 m apart on a broad, level area called the 
"flats." Stations 4 to 7 were shallow and contained substantial amounts of sand (Fig. 2). 
Stations 5 and 6 had swiftest currents and sandiest substrates. Station 8, at the junction of the 
"flats" and the channel. was subject to deposition of detritus including piles of empty sphaeriid 
shells up to 8 cm deep. 
Three stations with clayey silt substrates were selected according to depth and location 
on the Illinois side of the channel. Station 9, near the channel, was downstream from an island 
and shallow. Station 10, in an old channel, was deep. Station 14 on Transect 4 was selected 
because it was shallow, close to shore, and not adjacent to vegetation. 
Stations 2 and 3 on Transects 5 and 8 lacked measurable currents and were adjacent to 
submergent and emergent vegetation. They were representative of cove areas and were sampled 
in 1967 to reaffirm findings of 1966 that such areas contain low standing crops of benthos. 
PROCEDURES 
Method of Sediment Analysis 
Substrates analyzed for particle size distribution were collected with a frozen core sampler 
(Shapiro, 1958). Because most organisms were thought to occur in the upper 4 cm of substrata, 
only that portion of the core was used in particle-size analysis. To obtain sufficient substrate 
for analysis, upper strata from four to five cores were combined. Sediments were analyzed by 
the Bouyoucos hydrometer method as described by Dawson (1959) . 
MISSISSIPPI RIVER BOTTOM FAUNA 
IOWA N 
T 0 2 4 6 km 
0 2 3miles 
Ft. Madison 
~ 
I 
ILLINOIS 
f:;:/:/::::::::d EMERGENT VEGETATION 
PROPOSED DREDGING 
------ TRANSECT 
+--+ CHANNEL 
* * * * ENCLOSURE 
(L)• LABORATORY 
Figure 1. Pool 19 of the Mississippi River, showing 1966-68 sampling transects. 
355 
356 GALE 
~ 
Mdf#i A. Mdf#i a 
T 8S21--l •8.9 T3S5 l--l• 2.2 
T5S2(---l •7.8 T3S61----)•2.2 
T3SI 1---l 4 .6 40 
~ 
<l 
~ 30 f2 
~ 20 z 
LLJ (.) 
a: 
LLJ IO 10 
~ 
' Cf) ', <X 0 0 9 I 0 -I -2 9 8 7 6 
~ CLAY GRAVEL CLAY SILT 40 Mdf#i Mdf#i 
t:= T354(-) •6.5 c. T45141--l •80 D. ~ T3S81---J •7.8 T3SIO~---J •7.0 
a: 30 T3S71---l•3.4 T3S9 1-----J • 7.9 LL 
LLJ 
N 
c;; 20 
LLJ 
_J 
(.) 
IO t:= 
~ ' 
" 
0 
9 8 7 6 I 0 -1 -2 
CLAY SILT GRAVEL 
PARTICLE SIZE IN PHI ~ITS 
Figure 2. Particle-size fractions of substrates of 11 stations in Pool 19, Mississippi River, 
classified as A-clayey silt, B-sand, C-clay sand, and D-clayey silt. 
Table 1. Description of sampling stations in 1967 
Substratea Velocityb 
Transect Station Depth (m) type (m/sec) 
3 1 0.66 clayey silt none 
3 4 1.22 clay-sand .098 
3 5 1.22 sand .118 
3 6 1.27 sand .145 
3 7 1.75 clayey sand .127 
3 8 2.62 clay-sand .095 
3 9 1.24 clayey silt .051 
3 10 3.15 clayey silt .094 
4 14 0.84 clayey silt .046 
5 2 0.53 clayey silt none 
5 3 0.39 clayey silt none 
8 2 0.53 clay-silt none 
8 3 0.76 clay-silt none 
aDesignated according to predominant particle types (Fig. 2). 
bMeasured with a pygmy Gurley current meter about 8 cm from substrate surface. 
cwithin 100 m of vegetation. 
dMile zero at junction of Mississippi and Ohio rivers. 
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vegetation Iowa Ill. 
yes 77 
no 415 
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Sampling Methods for Benthos 
In 1967, sampling began in late March by use of Peterson and Ekman grabs. Both grabs 
were unsatisfactory at some stations and a 7.6 cm core sampler (Gale, 197la) was used in June 
and thereafter. Data obtained with grabs cannot be realistically compared with results of core 
sampling and are excluded here. 
Monthly, from June to December, four core samples were taken at Stations 1, 4, 6, 7, 8, 
and 10 on Transect 3 and at Station 14 on Transect 4. Sampling at Stations 5 and 9 was termi-
nated early when station markers were lost. 
Samples were washed in a screening bucket (Fremling, 1961) with a screen containing 
about 12 mesh per cm. Probably some insects in early instars and tiny oligochaetes, such as 
Chaetogaster sp., passed through the screen. Use of mesh fine enough to retain near-microscopic 
sized organisms would have greatly hampered sample washing and sorting, and far fewer 
samples could have been analyzed . Living organisms were graded into three size classes and 
placed into separate plastic bags partially filled with river water. Sphaeridds, if not killed 
immediately, discharge young into the sample, biasing the count upward. By field grading, 
mature clams were isolated ; later the young discharged in bags with mature clams were not 
counted. Samples were refrigerated in the bags to increase survival time for the organisms. 
Sorting samples with living organisms facilitated finding inconspicuous forms and made recog-
nition of living snails easier. Samples collected from October to December were preserved in 
10% buffered formalin at the collection site. Alcohol was an unsuitable preservative for 
sphaeriids because it permitted the valves to open after a few weeks and the soft parts to float 
out. 
Acrylic tubes, with sections of brass welding rods spaced across the bottom, were used to 
sort clams into six size groups based on width: < 1 mm, 1 to 2, 2 to 3, 3 to 4, 4 to 5, and >5 mm. 
Average clam weights (to nearest milligram) were obtained for a random sample of each size 
group. Weights included blotted dry with shell intact, blotted dry without shell, and oven 
dried (100°C for 12 hours) with shell removed. The weights (Gale, 1969, p. 21) were used to 
convert numbers of clams in samples to weights. Estimating clam weights saved considerable 
time and eliminated errors caused by leakage of mantle fluids from clams with broken shells. 
Blotted dry weights for unbroken clams were obtained by spreading the clams on paper 
toweling on one side and then the other. Clams were then allowed to air dry (1 to 5 minutes) 
until the entire periostracum became dry. To quantify weight loss due to evaporation (after the 
periostracum dried), 7.274 g of sphaeriids of various sizes were weighed each minute for 10 
minutes. Weight loss was gradual and only 0.7%. 
After the shells were dissolved with 5% HCL, clams were blotted on toweling to remove 
excess moisture. Weights were taken after visible water films disappeared. Attempting to 
standardize blotting time was impractical since small and large clams dried at different rates. 
Blotted dry weights for other organisms were obtained in the same way. Except that larger 
unionids were weighed to the nearest 0.01 g, and non-molluscan groups were weighed and read 
to the nearest 0.1 mg. 
Because too few unionids were collected during systematic sampling to formulate a 
comprehensive species list, additional mussels were gathered by hand in shallow water and with 
a crowfoot dredge in deeper water. 
Numbers of organisms per core sample were converted to numbers per square meter by 
multiplying by 219.28. Source materials used in identification of organisms are listed in 
appendix of Gale (1969). Names and addresses of authorities making identifications or pro-
viding verifications also are there. 
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RESULTS AND DISCUSSION 
Standing Crop 
Standing crops of benthos (excluding unionids) were generally greatest in July, August, or 
September (Fig. 3.) S. transversum were usually the major portion of the summer standing 
crop in numbers and weight (Figs. 3, 4) . The greatest standing crop, nearly 11,000 kg/ha, 
occurred at Station 8 in August. At about the same time 9,000 kg/ha was found at Station 7. 
About 98% of the biomass was S. transversum. 
Between June and August the biomass at Station 8 increased at a rate of 4,653 kg/ha per 
month. Although the change in biomass was not synonomous with production, it suggests high 
production. 
Standing crops dropped sharply between August and September at Station 8, primarily 
because of reductions in sphaeriid numbers. At the same time, the standing crop of leeches 
increased markedly, suggesting a possible cause-and-effect relationship. Leech numbers were 
not great in October but by that time sphaeriids had almost disappeared. The rise in standing 
crop to nearly 5,000 kg/ha in November was primarily due to high leech density. 
Data from Stations 10 and 14 were averaged because the stations were considered repre-
sentative of clayey-silt areas lacking vegetation. From a peak in July, benthos biomass declined 
until October. The decline resulted from disappearance of larger sphaeriids at Station 14 and 
emergence of mayfly naiads, Hexagenia spp. Numbers of organisms (Fig. 4) continued to 
increase into August and September, due to increased numbers of small sphaeriids. 
Station 1 was probably typical of the vegetated backwater portion of Transect 3, but was 
atypical of most shallow areas adjacent to vegetation because it received effluent from or-
ganically enriched Hoenig's slough. Stations 2 and 3 on Transect 5 and 8 appear more charac-
teristic of shallow areas. 
The standing crop at Station 1 deviated markedly from those at other stations. In July 
the standing crop (Fig. 3) fell as sphaeriid populations decreased, but in August, as more snails 
(Valvata tricarinata and Amnicola lustrica) moved to the substrate, the standing crop began to 
rise again. As aquatic plants disappear in fall, associated benthos, such as Valvata and Amnicola, 
moves to the substrate where it is vulnerable to sampling. 
Data from Stations 4, 6 and 7 were averaged because they had similar substrates, currents 
and depths, and were close to one another. Station 8 was excluded from the group because of 
its greater depth, faster current, and more heterogeneous substrate (Table 1). At Stations 4, 6 
and 7, changes in standing crop estimates usually followed trends in S. transversum (Fig. 3). 
After September, as larger clams disappeared and numbers of insect larvae increased, S. trans-
versum composed a lower percentage of the total weight. Although biomass declined after 
September, numbers of organisms increased (Fig. 4). 
In 1966 and 1967 the standing crop in cove areas adjacent to vegetation (Stations 2 and 3 
on Transects 5 and 8) was extremely low, averaging less than 2,000 organisms/m2 • At Station 
14, where substrate, particle-size distribution was almost identical to that of Stations 2 and 3 
(Fig. 2), the standing crop was much greater; in June it was 22,000/m2 and in August, 1967, it 
was 58,000/m2 • Most of the organisms were S. transversum. In laboratory substrate preference 
experiments (Gale, 1971b) S. transversum preferred mud to sand and sandy-mud. Yet in the 
river some areas with mud, such as Stations 2 and 3, contained few clams and some other areas 
with less desirable substrate, such as Stations 4, 6 and 7, contained many clams. Particle size 
may be of great importance in determining the distribution of S. transversum, but clearly there 
can be overriding factors. Fish may be one such factor. 
Populations of carp (Cyprinus carpio) and some other fish were extremely abundant in 
coves and may have controlled expansion of invertebrate populations by continual predation. 
Sphaeriid populations in enclosures (excluding fish at Station 2, Transect 5) were about four 
times greater than in a control enclosure (Gale, 1973). Invertebrate populations in hundreds of 
hectares of Pool 19 may be suppressed by fish predation, but the effect fish predation has on 
benthos production is less clear. 
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Figure 3. Standing crop of benthos in four habitats in Pool 19, Mississippi River, 1967. The 
lower line of each pair represents the standing crop of Sphaerium transversum. Mollusc 
weights are exclusive of shells and all weights are blotted weights. 
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Figure 4. Numbers of benthic organisms in four habitats in Pool 19, Mississippi River, 1967. 
The lower line of each pair represents the standing crop of Sphaerium transversum. 
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Generally, the standing crop at the nine stations systematically sampled in 1967 was 
greater than that reported in other studies. Hayes (1957) reviewed standing crop data from 
251 lakes and found that most contained less than 100 kg of benthos/ha. Moyle (1961) found 
that most ponds, lakes, and rivers contained less than 560 kg/ha of benthos. Two areas, the 
Mississippi River and slow streams in New York, were reported to have at some times standing 
crops exceeding 1,000 kg/ha, with a maximum of 3,982 kg/ha. Richardson (1921) reported up 
to 5,807 kg/ha of benthos in the Illinois River prior to heavy pollution loads. Most of his 
estimates, however, were less than 500 kg/ha. Zhadin and Gerd (1963) reported standing crops 
sometimes exceeding 10,000 kg/ha in the Don River, but mollusc shells may have been included 
in the total. Very low standing crops of benthos were reported for the Missouri River. Berner 
( 1951) and Morris et al. (1968) reported less than 1 kg/ha and Grover ( 1969) reported 11.3 kg/ha 
in an impounded stretch. 
Carlson (1968) reported 2,024 organisms/m2 in the lower portions of Pool 19 in 1960-61. 
The lowest number of benthic organisms found upriver during systematic sampling in 1967 
(Fig. 4) exceeded 8,000/m2 • During September, 1967, random sampling of the lower portion 
of Pool 19 (from Nauvoo, Illinois to Keokuk, Iowa) with a ponar grab (Gale, 1969) produced 
14,656 sphaeriids/m2 (506 kg/ha-damp weight without shells and mantle fluids). Thornburg 
(1973) collected 112 ponar samples in Pool 19 in November, 1969, and found an average of 
about 1,800 kg (including shells) of sphaeriids/ha between Nauvoo and Keokuk. Depending 
upon clam size, from 45 to 54% of S . transuersum 's weight is shell and mantle fluids (Gale, 
1969, p. 35 ). The Ekman grab used by Carlson (1968) probably did not penetrate deep enough 
(up to 17 cm) to obtain all sphaeriids. Also, Carlson formulated a volumetric index for 
estimating sphaeriid numbers to reduce counting time. An index formulated when many large 
sphaeriids were present (June and July) would greatly underestimate the population when 
larger clams disappear (August and September). These sampling differences probably do not 
account for all the differences between 1960-61and1967 estimates. 
Taxa 
Oligochaeta 
Large numbers of oligochaetes(Chaetogaster limnaei) were found inhabiting the mantle 
cavities of S. transuersum fn Pool 19 (Gale, 1973). Chaetogaster was too small for retention by 
the screening bucket and may have been abundant on the substrate also. Larger oligochaetes 
were most abundant in dark clayey silts of Stations 1 and 9 (Table 2). Station 9 was downstream 
from a small island heavily used for "loafing" by migratory waterfowl, and the oligochaete 
population may have been enhanced by duck feces. Station 9 with its fast current and sandy 
substrate contained fewest oligochaetes. Of the large oligochaetes, Limnodrilus hoffmeisteri 
was the predominant species at all stations. 
Table 2. Numbers of oligochaetes/m2 at nine stations in Pool 19 of the Mississippi River from 
June through December, 1967. (Stations 9 and 5 were sampled from June through 
September and October, respectively.) 
Number/m2 
Station Range Mean 
1 6,284 - 16,278 11,752 
4 155 - 4,216 2,204 
5 979 - 1,834 1,289 
6 334 - 1,732 987 
7 2,655 - 10,644 6,185 
8 427 -10,010 3,374 
9 18,870 - 33,424 23,497 
10 393 - 4,124 1,829 
14 599 - 4,873 2,101 
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Oligochaetes were too fragmented in screening to be counted and numbers were estimated 
by dividing total oligochaete weight in samples by calculated mean weights. Mean weights were 
determined by dividing the weight of worms by the number of prostomiums in six subsamples. 
Hirudinea 
Leeches found from 1966 to 1968 were as follows: 
Glossiphoniidae 
Helobdella fusca, H. nepheloidea, H. stagnalis, Glossiphonia complanata, 
Placobdella montifera, P. parasitica 
Erpo bdellidae 
Erpobdella punctata, Illinobdella sp., Unidentified 
Leeches were abundant in Pool 19 and almost every empty mussel shell or piece of wood 
contained one or more. They were much more abundant in 1967 than in 1960-61 (as reported 
by Carlson, 1968). G. complanata, H. stagnalis, and E. punctata were most abundant. Leech 
numbers increased in late summer and early fall (Fig. 5). The largest numbers of leeches 
occurred on sandy substrates. 
Erpobdellids were most abundant at Stations 1, 9, 10, and 14, where the substrate was 
clayey silt. Erpobdellids often live in burrows in soft substrate; since they swim rather than 
creep, soft substrates do not hamper their locomotion. Firm substrates are probably important 
to glossiphoniids, which creep and require firm substrates for anchorage. At Stations 4 to 8, 
with firm substrates, 90% of the leeches were glossiphoniids. Concentrations of leeches at 
Station 8 may have been due to accumulations of empty sphaeriid shells, which glossiphoniids 
use as "cover". Between June and August 70% of the leeches were erpobdellids, but after 
August glossiphoniids became more abundant. 
In Pool 19, leeches may compete with fish and ducks for food. Glossiphoniids, especially 
G. complanata, are voracious predators on sphaeriids (Gale, 1973). Insect larvae and other 
invertebrates may also be consumed. Leeches, however, are food for several species of fish and 
some ducks. 
Insecta 
The following mayflies were collected during 1966-67: Stenonema sp., Heptageniidae; 
Hexagenia spp., Ephemeridae; Caenis sp., Caenidae. 
Large numbers ofH. limbata andH. bilineata inhabit Pool 19 (Fremling, ~960). Carlander 
et al. (1967) estimated June populations of naiads in Pool 19 at 3.6, 18.7, 6.7, 23.6, and 11.9 
billion in 1959 to 1963, respectively, and suggested an alternate-year cycle of abundance. 
Fremling (1959) observed that various age groups of H. bilineata were not evenly mixed. 
Some areas contained "mostly nymphs of one brood," whereas, adjacent areas contained 
"predominantly younger or older nymphs." Mixed size classes were common in the same 
Ekman sample in the present study and that of Carlson (1960). 
In June Hexagenia were most abundant in shallow water, but in December greatest densi-
ties occurred in deeper water. The difference was particularly striking in December when some 
stations with rather sandy substrates in deep water contained more naiads than stations with 
clayey silt in shallow water. In laboratory experiments Hexagenia usually selected mud (clayey 
silt) when mud, sandy-mud, and sand were presented simultaneously. 
In October, 1968, additional samples were collected near Station 14 to investigate further 
the relationship between water depth and Hexagenia density. The area was selected because of 
homogeneous substrates and gradual but fairly rapid increases in water depth. Station 14 
contained high populations (up to l,590/m2) of Hexagenia in June 1967 and low densities in 
November and December. Mayfly density increased with water depth (Table 3). Greater 
mayfly density in deep water may have resulted from more eggs being deposited or drifting 
there to hatch, or young naiads may have migrated to deep water from shallow areas. Swanson 
(1967) found Hexagenia most abundant in shallow water after the summer hatch in Lewis and 
Clarke Reservoir in the Missouri River. Density remained greater in shallow water but many 
naiads migrated to deeper waters. 
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Few Hexagenia large enough to be retained by the screening bucket were present in 
August, after emergences in June and July ; slightly more were collected in September. Hexa-
genia is probably the most important insect as fish food. Jude (1968) and Ranthum (1969) 
collectively listed 13 fish species that heavily utilized Hexagenia. The disappearance of Hexa-
genia in summer probably increases predation on sphaeriids and may contribute to the drop in 
sphaeriid biomass between August and September (Fig. 3). In fall and spring, Hexagenia ara 
also eaten by diving ducks (Thompson, 1973). 
Table 3. Numbers of Hexagenia at various depths near Station 14, Pool 19, Mississippi River, 
October, 1968. 
Distance from Illinois Ekman 
Depth (m) Hexagenia /m 2 shore (m) grab samples 
0.8 323 10 2 
1.0 754 75 2 
2.7 1,636 125 2 
4.3 2,390 200 4 
Caenis sp., although not abundant, was widely distributed. Stenonema sp. was collected 
infrequently. 
Caddisflies collected in 1967 were Oecetis spp., Leptoceridae ; Cheumatopsyche spp., 
Hydropsychidae; unidentified species, Hydroptilidae. 
Cheumatopsyche was especially abundant at Stations 7 and 8 in July (Fig. 6). Later, 
Oecetis generally was more abundant. Caddisflies are food for many fish species (Jude, 1968) 
and diving ducks (Thompson, 1973). 
The following chironomids were collected in 1967: 
Tanypodinae-A blabesmyia sp., Anatopynia sp., Clinotanypus sp.,Coelotanypus sp., 
Procladius sp., Tanypus sp. 
Chironominae-Chironomus sp.,Cryptochironomus sp., Polypedilum sp. 
Cryptochironomus and Coelotanypus were widely distributed in Pool 19 and probably 
were the two most common species. Carlson (1963) reported Stenochironomus also to be 
abundant in Pool 19. 
The population of chironomids large enough to be retained in the screening bucket was 
low from June through August but increased in September (Fig. 7) and remained high through 
December. Chironomids were important food items for fish (Jude, 1968) and diving ducks 
(Thompson, 1973), but because of their small size chironomids are probably less important as 
food than Hexagenia. 
Crustacea 
Amphipods, Hyalella azteca, were abundant in vegetated backwaters. Because Hyalella 
spends much of its time on plants, few were collected in substrate samples prior to October 
when Hyalella was collected in low numbers at most sampling stations. The disappearance of 
submergent plants in fall may have caused some amphipods to disperse but densities remained 
greater in shallow water where decaying vegetation provided shelter and perhaps food. 
Aquatic isopods, Asellus sp. , were found infrequently. 
Gastropoda 
The following gastropods were found during 1967-68. Species followed by an asterisk 
were not found during quantitative sampling: 
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Pulmonata 
Physidae-Physa anatina, P. gyrina 
Planorbidae-Helisoma trivolvis* 
Ancylidae-Laevapex fuscus* 
Ctenobranchiata 
GALE 
Amnicolidae-Amnico/a lustrica, A. sayana*, Fontigens nickliniana, Somatogyrus 
Somatogyrus isogon~s 
Viviparidae-Campeloma crassula, Lioplax sulculosa, Viviparus georgianus 
Valvatidae-Valvata tricarinata 
Pleuroceridae-P/eurocera acuta 
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Figure 6. Numbers of caddisflies in four habitats in Pool 19, Mississippi River, 1967. 
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Figure 7. Numbers of chironomids in four habitats in Pool 19, Mississippi River, 1967. 
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Five snails (F. nickliniana, V. tricarinata, P. acuta, A. lustrica, and S. isogonus) were more 
abundant than the others (Table 4). Fontigens, one of the small snails, was the only one col-
lected at all stations during systematic sampling. Additional sampling revealed that C. crassula 
and some others were present in low numbers at all stations. Fontigens was most abundant on 
the "sandy flats", reaching densities of l,700/m2 at Station 5. At Station 6, where the current 
was strongest and the substrate sandiest, Fontigen!;_ was not abundant and composed only 12% 
of the snail population. At Stations 5 and 7, Fontigens made up 65 and 50%, respectively, of 
the gastropods. Fontigens was most abundant in August, and least abundant in December, 1967. 
Pleurocera acuta, with its heavy cone-shaped shell, was most numerous at Station 6 where 
it made up 49% of the snail population. Somatogyrus and Lioplax were also more abundant on 
the sandy flats. Somatogyrus was not collected at any of the nine stations during June and 
July, but probably was present in low numbers. In August Somatogyrus suddenly appeared at 
seven stations -in substantial numbers and became one of the more abundant snails. Repro-
duction seems to have caused the increase. Somatogyrus collected in August were about 3 to 
4 mm high but by September had grown to 7 to 8 mm high and increased in weight 6 to 7 fold. 
In August 1967, Somatogyrus populations at Stations 1, 4, 6, 7, 8, 10, and 14 averaged 156/m2 , 
then fell to 16/m2 by December. Somatogyrus was important diving-duck food (Thompson, 
1973); much of its decline was probably due to duck predation. 
Amnicola lustrica and Valvata tricarinata were associated with submergent vegetation at 
Station 1, where they were more than 95% of the snail population. A. lustrica occurred 
throughout the sampling area, even where vegetation was lacking. Valvata was restricted to 
Station 1 where it made up over 70% of the snail population. 
Viviparus, the largest snail in the area, was frequently observed but was not abundant. 
Physa anatina was associated with submergent vegetation in shallow water, whereas the much 
larger P. gyrina usually inhabited open water zones. H. trivolvis and A. sayana occurred at 
Station 1. Laevapex fuscus was found on vegetation at Transect 5. 
Upon the basis of random ponar grab sampling in September, the snail population between 
Dallas City and Keokuk appeared similar, qualitatively, to that in vicinity of Transect 3. The 
major difference was that Valvata was not found in any of the ponar samples. Between Dallas 
City and Keokuk, Somatogyrus, Lioplax, Campeloma, and Viviparus constituted a greater 
proportion of the snail population, and Pleurocera was relatively less abundant. Proportion-
ately, sandy substrates are less abundant between Dallas City and Keokuk than on Transect 3. 
At Stations 4, 6, and 7 the snail population was about 350/m2 in June, rose to around 
900/m2 by late summer, then fell to about 500/m2 by December. At Stations 10 and 14th~ 
population of about 200/m2 was usually lower than at other stations, except when the popula-
tion peaked at about 400/m2 in August. At Station 8 the snail population fluctuated errati" 
cally, and snails disappeared in October, perhaps having been eaten by leeches which were 
abundant there in September. At Station 1 the snail population on the bottom increased from 
about 200/m2 in August to about 2,000/m2 in September, when aquatic plants began to 
disappear. 
Gastropods are important food for diving ducks and a few species of fish. Fontigens, 
Somatogyrus, and A. lustrica were used most heavily (Thompson, 1973). Somatogyrus, because 
of its larger size, probably provides the most food. 
Perhaps the most striking aspect of Pool 19's benthic community was the great prepon-
derance of fingernail clams. 
Pe/ecypoda 
Three species of Pisidium and four species of Sphaerium were identified as follows: 
Pisidium compressum, P. nitidum, P. variabile, Sphaerium lacustre, S. simile, S. 
striatinum, S. transversum 
S. transversum was especially abundant and seemed to be everywhere (except for areas of 
current-swept bare rock and sandy shores subject to wave action); in numbers, it dominated 
nearly every sample. In some parts of Pool 19 densities of S. transversum exceeded 100,000/m2 
Wig. 4). These densities may be unparalleled in other bodies of water. For example, Pennak 
(1953) and Reid (1961) reported densities of sphaeriids in favorable habitats at 5,000/m2 or 
more. In 1915 Richardson (1921) found about 4,000 S. transversum (as Musculium 
~ 
Table 4. Total number and percentages of gastropods at nine stations during the summer of 1967 (four core samples collected monthly . °' oc 
Clayey silt Clayey sand Clay-sand Sand 
Stations 1 9 10 14 7 4 8 5 6 
Times sampled (7) (4) (7) (7) (7) (7) (7) (5) (7) Total 
Physa 2 2 0 2 0 2 0 0 0 8 
(%) 1 29 - 10 - 3 - - - 1 
Amnicola 45 0 0 10 3 10 0 3 10 81 
(%) 24 - - 46 5 17 - 2 9 13 
Somatogyrus 0 0 2 8 10 6 7 16 21 70 
(%) - - 11 36 15 10 23 12 19 11 
Fontigens 3 2 5 2 33 27 9 85 14 180 
(%) 2 29 26 9 50 47 30 65 13 29 
Campeloma 0 2 6 0 4 2 7 5 1 27 
(%) - 29 32 - 6 3 23 4 1 4 
Lioplax 0 1 5 0 9 4 4 2 11 36 
(%) - 14 26 - 14 7 14 2 10 6 
Viviparus 3 0 0 0 1 1 1 0 0 6 
(%) 2 - - - 2 2 3 - - 1 
Valvata 132 0 0 0 0 0 0 0 0 132 
(%) 71 - - - - - - - - 21 
Pleurocera 0 0 1 0 6 6 2 19 55 89 
(%) - - 5 - 9 10 7 15 49 14 
Total 185 7 19 22 66 58 30 130 112 
C'l 
E: 
trj 
MISSISSIPPI RIVER BOTTOM FAUNA 369 
transversum)/m 2 in the Illinois River. In 1952 Paloumpis and Starrett (1960) found 24,000 
sphaeriids/m2 in Middle Quiver Lake on the Illinois River (the total included more than one 
species). Since 1969 I have collected sphaeriids in ponds, lakes, ditches, small streams and 
rivers in many states, but nowhere have I found sphaeriid populations that would come even 
close to rivaling those of Pool 19. S. transversum 's rapid growth and reproduction coupled 
with the ability of its young to survive for long periods deep in the substrate (where they may 
escape predation, parasitism, and unfavorable water conditions) may be important factors in 
its abundance (Gale, 1973). 
S. striatinum was the second most abundant sphaeriid in Pool 19 and was also widely dis-
tributed. S. transversum made up over 99% of the sphaeriid population between June and 
December, but S. striatinum made up 4% of the total weight. S. striatinum was relatively more 
abundant in spring. Because of low densities, S. lacustre was not collected during systematic 
sampling but was found at Transect 3, Station 1, and nearby in Hoenigs's slough. A single 
empty shell of S. simile was found at Station 6. Pisidium spp. occurred at Stations 1 and 6 in 
low numbers. 
S. transversum and to a much lesser extent S. striatinum are important food for hundreds 
of thousands of migrating diving ducks that stop on Pool 19 in fall and spring (Thompson, 
1973; Thornburg, 1973). Thompson estimated that diving ducks consumed 2,085,000 kg of 
sphaeriids in fall of 1967. This represents about 24% of September's (1967) standing crop. It 
may well be the area's great abundance of sphaeriids that attracts diving ducks. 
Large clams or mussels are still fairly abundant in Pool 19. Sandy areas seem to contain 
the most species, many of which are thick shelled. Some thin-shelled species, such as Anodonta 
grandis, and a few thick-shelled species, appear to thrive in mud. Mussels collected in Pool 19 
by Ellis (van der Schalie and van der Schalie, 1950) in 1931 and by me from 1966-68 are listed 
in Table 5 along with those collected in the Illinois River in 1966 by Starrett (1971). There has 
been little, if any, qualitative change in the mussel fauna of Pool 19 between 1930-31 and 
1966-68. Ellis found three species that I did not. Two, F. ebenus and S. rugosus, were scarce 
in 1930-31 and L . complanata only slightly more abundant. All three species may have been 
present in 1966-68 but were missed because of their scarcity. 
In 1966-68 I collected five species not found by Ellis. Of these, A. confragosus, P. lineolata, 
and T. truncata were not abundant. C. parva was fairly common in backwaters where Ellis may 
have not sampled. Empty shells of T. verrucosa were found occasionally in 1966-68. Probably 
all five species were present in 1930-31, but were missed because of low densities. 
The mussel fauna of the heavily polluted Illinois River appears similar to that of Pool 19. 
Starrett collected 21 of the 25 species found in Pool 19 (Table 5); only 2 species (A.suborbicu-
lata and L . radiata) and 1 subspecies (A. grandis grandis) were found in the Illinois River but 
which were not collected in Pool 19. A. plicata was the most abundant clam (62.4%) collected 
by Starrett and by Ellis (as A. peruviana). A . imbecillis was by far the most common species in 
my study and most specimens were young (less than 3 cm long). These small specimens could 
be easily missed collecting with a crowfoot bar, mussel dredge, and by hand (as Starrett did), 
and different collecting techniques could account for much of the differences in relative 
abundance. 
Since the 1870-1900 period, 25 species of mussels have been extirpated from the Illinois 
River and adjacent lakes (Starrett, 1971). If the mussel fauna of the Mississippi River during 
the late 1800's resembled that of the Illinois River as much as it does today, then many species 
of mussel have disappeared from Pool 19. 
A quantitative survey of the mussels of the Upper Mississippi River is badly needed. 
Qualitative data will not suffice, if the mussels are to be managed; and management seems 
essential if they are to survive. Obtaining good population estimates with conventional sam-
pling gear is difficult, however, because mussels are often widely spaced and the samples, 
therefore, are too small. The most reasonable answer to the sampling problem would seem to 
be the use of a SCUBA diver to collect clams inside measured areas. 
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Table 5. Number of mussels collected by Ellis in 1930-31 (van der Schalie and van der Schalie, 
1950) and number collected in ponar grab sampling in 1966-68 in Pool 19, Mississippi 
River. An "X" indicates species collected with other gear but absent in ponar samples. 
A "P" denotes species collected alive in the Illinois River by Starrett (1971) in 1966; 
common names are from Starrett. 
Pool19 Illinois 
1930-31 1966-68 River 
Amblema (peruviana) plicata Three-Ridge 87 x p 
Anodonta grandis corpulenta Floater 22 x p 
A. grandis grandis Floater 0 0 p 
A. imbecillis Paper Pond Shell 12 29 p 
A. suborbiculata Heel-Splitter 0 0 p 
Arcidens confragosus Rock Pocketbook 0 x p 
Carunculina parva Liliput Shell 0 x p 
Fusconaia ebenus Ebony Shell 1 0 p 
F. flava form undata Pig-Toe 24 x p 
Lampsilis anodontoides Slough Sand-Shell 3 x p 
L. radiata Fat Mucket 0 0 p 
L. ven tricosa Pocketbook 14 x 0 
Lasmigona complanata White Heel-Splitter 6 0 p 
Leptodea fragilis Fragile Paper Shell 48 2 p 
Ligumia recta Black Sand-Shell 2 X(dead) 0 
Megalonaias gigantea Washboard 9 2 p 
Obliquaria reflexa Three-Horned 26 2 p 
Warty-Back 
Obovaria o/ivaria Hickory Nut 11 1 p 
Plagio/a lineolata Butterfly 0 x 0 
Potamilus (Proptera or Fragile 
Leptodea) /aevissimus Heel-Splitter 9 x p 
Potamilus a/atus (Proptera alata) Pink 
Heel-Splitter 10 x p 
Quadrula nodulata Warty-Back 24 x p 
Q. pustu/osa Pimple-Back 20 3 p 
Q. quadru/a Maple-Leaf 59 4 p 
Strophitus rugosus Squaws Foot 1 0 0 
Tritogonia verrucosa Buckhorn 0 X(dead) p 
Truncil/a donaciformis Fawn's Foot 23 9 p 
L . truncata Deer Toe 0 x p 
Total species 20 22 24 
Effects of dredging 
Of those who have investigated the fauna of Pool 19 in recent years (Jude, 1968; Gale, 
1969; Ranthum, 1969; Thompson, 1973; Rogers, 1973; Thornburg, 1973) none has expressed 
serious opposition to the dredging of a service channel from the main river channel to shore. 
Because the size of the area to be dredged is small in proportion to the size of Pool 19, dredg-
ing effects will probably be negligible, and it will be difficult , if not impossible, to measure 
significant biotic changes except in the vicinity of dredging. However, dredging will contribute 
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to an existing problem of excessive siltation downstream, and excavated substrates should be 
spoiled on adjacent land areas rather than being returned to the river. Increased industrial 
development resulting from the navigational channel probably poses more of a threat to the 
environment than the channel itself. 
Thompson (1973) and Thornburg (1973) point out the great importance of Pool 19 to 
migrating diving ducks and Thornburg suggests that part of Pool 19 might be needed as a refuge, 
if waterfowl disturbance by man is increased. The idea of establishing a refuge there seems 
attractive but before it is considered seriously at least three important questions concerning 
fingernail clams should be answered. First, is Pool 19 unique in its great numbers of exploitable 
fingernail clams, or do they occur in abundance in adjacent pools? If they do, these pools 
might be used more by ducks, if the need arose. Second, what effect would greater numbers of 
diving ducks (or diving duck days) have upon fingernail clam populations, their main food 
source? The possibility exists that diving ducks might overexploit clams in open water as fish 
appear to have done in shallow areas, adjacent to vegetation. However, diving ducks are usually 
not present during the clam's growing season. Third, what is the life expectancy of Pool 19 as 
a major fingernail clam producer? Parts of Pool 19 that have silted in enough to permit the 
growth of submergent vegetation (i.e., coves and some areas ·near the dam) contain compara-
tively few clams. Without proper watershed management upstream, siltation will pose an 
increasingly greater threat to clam production. 
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ASSESSING ATTITUDES OF LOWER-INCOME SMALL-TOWN 
FAMILIES TOWARD BASIC HOUSING ALTERNATIVES 
Dean R. Prestemon 2, Willis J. Goudy 3, and Russell G. Pounds4 
ABSTRACT. A new survey instrument was developed and tested for assessing attitudes of 
lower-income residents of smaller Iowa towns toward basic housing alternatives. The resulting 
instrument consisted of carefully worded questions, with visual supplements used to clarify 
certain concepts. Involvement of lower-income people in development of the survey instru-
ment was felt to improve relevance and enhance communication; the interviewers noted no 
difficulties in communicating with respondents. The instrument was designed to be used in a 
personal interview, but communities could gather similar data by using a self-administered 
questionnaire modeled after the survey instrument developed in this study. 
Results of the field pretest demonstrated that useful information could be generated 
with use of the survey instrument. An expanded, statewide study is needed to provide a 
basis for more efficiently translating needs and preferences into ho~sing units most ac-
ceptable to lower-income families. 
INTRODUCTION 
Little information directly useful to the financier, planner, architect, or builder is avail-
able to judge attitudes of lower-income residents of smaller towns toward basic housing 
alternatives. Preferences for different types of housing such as single-family vs. multi-family 
structures, new vs. remodeled units, and conventional vs. manufactured housing have not been 
assessed or related to consumer characteristics such as income, age, and education. Contacts 
with public agencies and private entrepreneurs in Iowa indicate that such information is 
needed. 
Housing in Iowa is of particular interest because of the percentage of poor and elderly 
residents living in smaller communities. According to the 1970 Census, 38% of the state's 
residents live in communities under 10,000 population ; 24% live in towns under 2,500. 
Nearly 12% of the persons living in Iowa were classified as "poor," but nearly 14% of those 
living in communities of fewer than 2,500 were classified as poverty stricken. Another 
compounding factor is that residents 65 years old or older tend to be concentrated in small 
communities. Although 12% of the Iowa population in 1970 was in the older age category, 
15% of the elderly lived in communities of less than 10,000 inhabitants. In addition, more 
than 40% of the "poor" in these communities were 65 or older. 
The first step required for assisting anyone interested in improving housing alternatives 
for lower-income, small-town residents is the development of an acceptable survey instrument 
that obtains input from the citizens to be affected. Many concepts involved in selecting among 
alternatives are difficult to communicate by using only the spoken or written word . A litera-
ture review did not identify a suitable instrument. 
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2 Associate Professor, Department of Forestry, Iowa State University, Ames, Iowa. 
3 Assistant Professor, Department of Sociology and Anthropology, Iowa State University, 
Ames, Iowa. 
4 Assistant Professor, Department of Economics, Iowa State University, Ames, Iowa. 
374 PRESTEMON, GOUDY, and POUNDS 
A major objective of this research was to demonstrate how a new, specially designed 
survey instrument could be used to generate appropriate information on the attitudes of 
lower-income people toward basic housing alternatives. 
PROCEDURES 
A detailed interviewing instrument was first developed on the basis of published infor-
mation and the experience of the investigators. Photographs were selected to improve com-
munication with respondents on selected questions. The instrument and visual supplements 
were then reviewed by informed colleagues, and their suggestions were incorporated into the 
final version for pretesting purposes. 
A two-stage pretest was developed to evaluate the instrument. Both laboratory consul-
tation and personal interviews were used to allow personal observation by lower-income 
people and examination of the data obtained. 
Two Iowa communities were selected for the pretest on the basis of Census data. Each 
community was located in a county with a relatively high percentage of economically disad-
vantaged families. One community with a population of about 1,500 residents in south-
western Iowa was selected for the laboratory pretest. The second community, located in 
northeastern Iowa, with a population of about 4,000 was chosen for the field pretest. 
The laboratory pretest was conducted in March, 1973. Eleven low- and moderate-
income families were identified by knowledgeable local consultants. The 11 households 
were interviewed by trained personnel from the survey section of the Iowa State University 
Statistical Laboratory. The following day those interviewed in the laboratory pretest met 
with the interviewers and principal investigators to review the questionnaire. Recommen-
dations presented indicated that several questions should be modified to improve clarity and 
relevance; suggestions also were received for improving the utility of the visual supplements. 
The suggestions and recommendations from the laboratory pretest were incorporated 
into a revised instrument before field pretesting. The family income guidelines to identify 
lower-income residents were selected; the criteria chosen were based on federal guidelines for 
eligibility under the 235 and 236 programs of the Federal Housing Administration (135% of 
public housing admission limits) for the county involved. Maximum income allowed for 
eligibility depended on family size and ranged from $4,050 per year for a one-member 
family to $7,850 for a nine-member family. 
A randomly selected sample of 41 lower-income families was interviewed in the second 
community during October, 1973, by use of the revised survey instrument. The sample was 
drawn by the survey section of the Statistical Laboratory , using area sampling procedures; 
the Laboratory also supervised the survey. A screening schedule was used to identify re-
spondents qualifying under the income criterion. Only the head of the household or spouse 
was eligible for interview. The responses from the 41 completed schedules were coded, 
tabulated, and summarized. The resulting data were analyzed to determine how effectively 
useful information could be identified. 
FIELD PRETEST DATA 
Two general areas of information were covered in the survey instrument: respondent 
characteristics and attitudinal information. Information on the respondents included usual 
sociodemographic measures (e .g., education, employment status, income, age, household 
composition). The attitudinal data contained responses on housing preferences and alterna-
tives, community satisfaction, satisfaction with present dwelling unit, and similar items. 
Examples of available data are presented in the following sections, giving an indication of the 
the scope of the information deemed essential in assessing attitudes toward housing. 
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Respondent Characteristics 
The field pretest respondents were typically middle-aged or older. Only six of the 41 
respondents were less than 50 years old; 68% were 65 years old or older. In 56% of the 
households selected, the head had no more than an eighth-grade education. The combination 
of low income, relatively little formal education, and advanced age provides a strong pretest 
of the instrument. If adequate information can be obtained under these conditions, then it 
is anticipated that interviews with general samples of the population also should provide 
excellent information. The number of individuals in a household was usually small; 23 
households were one-member households, and 12 more were two-member households. 
All but five of the respondents had lived in the community for 5 years or more, and 
63% had resided in the town for at least 15 years. Further, 90% expected to stay in the 
community indefinitely. Subjects were typically satisfied or very satisfied with community 
services and opportunities, as would be anticipated from their desire to remain.. Only 11 of 
those interviewed indicated anything about their community that they would change if 
given the opportunity, and the suggestions generally could be interpreted as minor both in 
nature and possible consequences. 
Thirty-two of those interviewed lived in single-family homes, five in mobile homes, and 
four in apartments. The two most common reasons cited by respondents for selecting their 
present home were "one that we could afford" and "convenient location." Only eight house-
holds were renting, with the remaining 80% either owning their home or buying it. Among 
home owners, 50% of the respondents had paid cash for their homes, 24% had borrowed from 
a bank or the Farmers Home Administration, 12% borrowed from private individuals, and 14% 
were not sure how their homes had been financed. Eighty percent of those responding to the 
question about where financing had been obtained had financed their home locally. Only 25% 
of the households were making use of a government insurance program; the same number 
indicated that they were making use of conventional loans or buying their homes on contract. 
Attitudinal Information 
Very few respondents indicated dissatisfaction with their present homes.; 24 respondents 
felt that their homes were better than their previous residences, and 11 felt that they were the 
same. But almost two-thirds of the respondents thought there was a housing shortage in the 
community, particularly for lower-income families and the elderly. Nearly three-fourths felt 
that the federal government should provide the type of housing needed. 
Almost 60% of the respondents indicated first preference for a single-family home as 
their next residence, and about 85% believed that home ownership was either important or 
very important. Three-fourths of those interviewed indicated that they would finance their 
next homes through a local bank or savings and loan association. Only 15% of the re-
spondents said they would go to a government agency to finance a different home. 
But 68% believed an apartment or townhouse ~ could provide satisfactory housing for 
their family . If they had a choice, 83% preferred to have their apartment unit in a 1-story 
building rather than a 2-story structure. Two-bedroom units were preferred by 27 of the 41 
respondents, but almost one-half of those interviewed indicated that they could afford no 
more than $75 per month for rent. Soundproofing was a specific feature most frequently 
wanted in multi-family units. 
When respondents were asked what style of new home they would prefer, single-story 
ranch houses were ranked first over l 1h-story, 2-story, split-level, or split-foyer houses by 76% 
of the subjects. Slightly more than 50% indicated that they would not live in a single-family 
home without a basement. But two-thirds of the respondents said that they would prefer to 
spend the money it costs for a basement for more above-ground space. 
An overwhelming 95% of the respondents indicated a desire to live in a remodeled older 
home. Several subjects noted remodeling they would like to make in their present homes, 
with inside or outside painting and reroofing being the most common types of improvements 
wanted. But only 34% professed a willingness to have volunteers help them to improve their 
housing, assuming a minimal charge, in contrast to their interest in governmental support for 
others with housing problems. 
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A substantial majority of those interviewed were not willing to consider buying a factory-
built home placed on a permanent foundation. Only 12 interviewees indicated that they would 
consider buying a home that used prebuilt walls, floors, and roof panels; even fewer (20%). 
would consider purchasing a factory-built home fabricated in two halves and placed on a 
foundation at the site. The respondents were asked to compare manufactured housing with 
houses built conventionally at the site in terms of cost, quality , strength, appearance, and 
financing. The two characteristics of factory-built homes given lowest ratings were quality 
and strength. But 40% of those interviewed had never been inside such factory-built units 
placed on a permanent foundation. 
Only 37% of those interviewed said they would consider a mobile home as a year-around 
residence. Of the 22 who expressed an opinion, 11 respondents thought that a mobile home 
would last at least 15 years. Half of those responding felt that the quality of mobile homes 
was about the same or better than the quality of manufactured homes. But 27 of 34 re-
spondents believed that the quality of mobile homes was inferior to conventionally built 
houses. 
DISCUSSION 
The new survey instrument, developed and pretested to assess housing preferences and 
alternatives, could be used to provide information of direct and immediate utility to govern-
ment agencies, financing institutions, and housing producers. An expanded study, with data 
generated on smaller Iowa communities, is needed to define more fully characteristics of 
specific target clientele groups. Differences in housing attitudes of people of different age, 
income, educational background, and family composition should be determined. Any major 
variations among housing preferences of people living in different regions of the state and in 
communities of different size should be assessed. 
A statewide study providing detailed information on age composition and size of house-
holds would be helpful in planning and implementing construction programs. For example, 
the Farmers Home Administration should find more complete housing preference data from 
residents of smaller towns useful in determining program focus and thrust, both in terms of 
where and what type of units to construct. Such a study could provide data useful in assessing 
the merits of new construction vs. rehabilitation. Building contractors and developers could 
be guided by preferences articulated by a more representative sample to enhance salability of 
their .housing product. For example, a statewide study might indicate that remodeled older 
homes and new single-story houses were good alternatives. Or, small, single-story apartment 
complexes featuring 2-bedroom units and excellent soundproofing might be in demand; the 
maximum rent that could be paid by lower-income families might well indicate the potential 
for private initiative and financing. More complete data for the state could possibly identify 
existing or potential marketing problems for producers of manufactured housing units. 
Field pretest data from one rural community indicated that government housing pro-
grams were not well known. Similar statewide data could indicate how and where educational 
efforts should be expanded. A marked preference for dealing with local financial institutions 
in home financing was obvious in the pretest. An expanded study could confirm or deny the 
importance of local financing agencies as sources of information for lower-income families. 
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COMPUTATION OF SOLAR ALTITUDE AND AZIMUTH 1 
T. M. Enge/ 2 and E. S. Tak/e 3 
ABSTRACT. A computer program has been written that calculates the solar altitude and 
azimuth for any time of day and day of year. These calculations can be made accurately to 
within 1° for any point on earth by using as input the appropriate latitude, longitude, and 
the equation of time. A graphical representation of these calculations is given for Ames, Iowa. 
INTRODUCTION 
Research scientists and engineers from a variety of disciplines use information regarding 
the position of the sun at specific times of the day and specific days of the year. Architects 
and landscape designers must consider solar position in many aspects of building and land-
scape design. Although this information is available in graphical form (Hand, 1948; List, 
1968), the user concerned with a specific location is compelled to interpolate between two 
or more graphs. The analytic form also is available (List, 1968), but requires a significant 
amount of calculation to prepare a graph of solar altitude and azimuth tailored for a specific 
latitude and longitude, · 
A program has been written to compute solar altitude and azimuth for arbitrary latitude 
and longitude. The results of these calculations for central Iowa are graphically displayed. 
PROGRAM 
The subroutine SUNANG was written to accept as input the year, month, day, and time 
of day for a specific location and to produce as output the appropriate altitude and azimuth 
of the sun by use of the equations (List, 1968) 
where 
a= sin -l (sin </>sin o + cos </>cos o cos h) 
a= sin - 1 (-cos o sin h/cos a) 
a = altitude angle of the sun above the horizon (-90° <a < 90°) 
</>=latitude 
o = declination of the sun 
h =hour angle of the sun 
a= azimuth angle of the sun measured eastward from north 
(O°< a< 360°). 
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These are geometric equations and describe the true position of the center of the sun. 
The refractive characteristics of the earth's atmosphere, however, produce a slight discrepancy 
between the true and apparent position of the sun. Although there is angular displacement 
by refraction of the sun's image over nearly the entire sky, it is significant only when the sun 
is within a few degrees of the horizon. (At 8.33° above the horizon, the angular displacement 
due to refraction is 0.1° .) Sunrise and sunset are defined as occurring when the upper limb of 
the sun and the horizon appear coincident; at these times the true position of the upper limb 
of the sun is 0.57° below the horizon, and the true position of the center of the sun is 0.27° 
further below the horizon (Nautical Alamanac Office, 1972). These effects cause sunrise to 
occur earlier, and sunset later, than the times calculated from the equations just given by about 
5min. 
The geometric equations also must be modified to account for the combined effects of 
the noncircularity (eccentricity) of the earth's orbit and the tilt of the earth's rotational axis 
with respect to an axis normal to its orbital plane (obliquity of the ecliptic). The "equation 
of time," defined as the difference between true solar time and measured time (sun 
time - measured time), compensates for these effects. This difference is a complex function 
of time and is nearly periodic (within 30 sec) with a period of about 1 year. The magnitude 
of this correction varies from approximately +16.5 min to -14.5 min throughout the ytiar 
(Figure 1). The equation of time is tabulated in the form of daily corrections and can be found 
for any desired year in The Nautical Almanac, published annually by the U.S. Naval Observa-
tory, Washington, D.C. The equation of time is an input parameter to the SUN ANG subroutine. 
GRAPHICAL REPRESENTATION 
A main program was constructed to print out calculations of solar altitude and azimuth 
at 15-min intervals for Ames, Iowa (42.00° N, 93.65° W). These results are plotted in Figure 
2. The curves labeled from 60° to 300° represent the solar azimuth; those labeled from sun-
rise to 70° to sunset denote the geometric altitude of the sun 's center. The influence of the 
equation of time is evident from the slight asymmetry, which appears in both sets of curves. 
Refractive effects have been ignored because they would amount to corrections of, at most, 
0.57°. If the graph is to be used to find approximate sunrise and sunset times as defined 
earlier, however, the 5-min correction previously discussed should be made. 
An example will serve to indicate the usefulness of the graph in Figure 2. By drawing a 
vertical line through a given date, the coordinates of the sun can be followed throughout the 
day. Consider, for example, February 12. From the graph the solar center coincides with the 
horizon at 1:21 a.m. and 5:36 p.m., which together with the 5-min correction, give sunrise at 
7:16 a.m. and sunset at 5:41 p.m., approximately. The sun rises at a point 18° south of east 
(108° clockwise from north) and sets at a point 18° south of west (252° clockwise from north). 
The sun reaches maximum altitude for this day of 34° at about 12:30 p.m. 
The graph can be used for any point in Iowa(± 1.5° latitude,± 3.5° longitude) without 
introducing an error greater than 4 ° in altitude and 9° in azimuth even though the calculations 
presented are for Ames. By simply adjusting the time scale up (down) 5 min for every 105 km 
east (west) of Ames to correct for longitude, the maximum error in both altitude and azimuth 
can be reduced to less than 1.5°, which is the limit of accuracy to which the graph may be 
read. Correcting the graph for latitude variation cannot be accomplished by a simple relabeling, 
but essentially would require a redrawing of the graph. Within the state, however, solar 
altitude and azimuth variations due to latitude variations from Ames will be less than 1.5°. 
The usefulness of the graph for points other than Ames can be illustrated by considering 
February 12 for Burlington, Iowa ( 40° 49' N, 91° 7' W), which is 238 km east and 142 km south 
of Ames. The time axis is shifted up by 11.3 min (238 km x 5 min/105 km). Applying this 
correction to the Ames graph gives sunrise at 7:05 a.m. and sunset at 5:30 p.m., with a 
maximum altitude of 34° at 12 :19 p.m. (Actual calculations for Burlington gave an altitude 
on 34.8°, whereas the corresponding value for Ames was 33.9°, the difference being well with-
in graph accuracy.) 
A listing of the Fortran IV program of the SUNANG subroutine is available from the 
authors. 
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STUDIES OF CATTAIL IN RELATION TO MANAGEMENT 
FOR MARSH WILDLIFE 1 
Milton W. Weller 2 
ABSTRACT. Greenhouse and field studies of the biology of cattail compared common cattail 
(Typha latifolia) with a robust hybrid of T . latifolia x T. angustifolia common to marshes of 
northwestern Iowa. Germination rates generally were inverse·to water depth, with maximum 
germination in 1 inch. Growth was directly related to water depth in most instances and 
hybrids grew taller than did common cattail but had stems of smaller average diameter. 
Rhizome shoot production also was inverse to water depths so that replacement-level produc-
tion (rhizome to stalk ratio of 1 :1) occurred in both species when water depths exceeded 
15-18 inches. Experimental cutting demonstrated that flooding of cut stems kills plants. 
Plants survive only one year when so flooded . Size of open areas in cattail influence bird use, 
and management for maximum bird production requires maintenance of a 50:50 cover-water 
ratio with interconnected and well-interspersed pools larger than 30 ft in diameter. Water-level 
manipulation and management of muskrat populations are regarded as the most natural, ef-
fective and inexpensive means of providing such cover. 
INTRODUCTION 
Cattails (Typha spp.) are widely distributed and are often dominant semiaquatic plants. 
Although usually considered a serious nuisance by farmers and highway maintenance personnel, 
and often by fisheries and wildlife managers, they are productive species of great importance 
to wildlife. Cattails are a major food of muskrats (Ondatra zibethicus) and provide nesting and 
rearing cover for waterfowl and other marsh birds (Beecher, 1942). When they become a 
nuisance because they are abundant and tolerate a wide range of ecological conditions, manage-
ment problems arise from lack of ability to control them. 
These experiments and observations were designed to obtain information that might be 
valuable in the development and management of stands of cattail suitable for marsh wildlife. 
Studies of seed germination, growth, and tolerance to flooding were conducted in the green-
house to provide some basis for understanding field situations. Standing crops and methods 
of control were studied in the field. Both indoor and outdoor work centered on a robust, 
hybrid (obtained from Round Lake near Ruthven, Iowa) between narrow-leaved cattail (T. 
angustifolia) and common cattail (T. latifolia). According to Gleason (1968:70), this hybrid 
probably is synonymous with T. glauca of Hotchkiss & Dozier (194 7) and may be the same as 
T. angustifolia var .. elongata of Fernald (1950). This hybrid often is dominant in the marshes 
of central and northwestern Iowa. It is distinguished from common cattail by narrower 
leaves, greater height, more elongate pistillate inflorescence overtopped by the leaves, and by 
narrower base and by several microscopic characters (Smith, 1967). 
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PROCEDURES IN THE GREENHOUSE 
In all greenhouse experiments the same general procedures were followed . Webster silt 
loam was used because it was readily available and is a dominant soil in marsh areas. Soil was 
thoroughly mixed by machine and sterilized, and equal amounts were placed in 32-oz plastic 
containers. Fruits were selected from one to three heads collected in the same area and were 
planted in the moistened soil to a depth of 1/8 to 1/4 inch. The location of each fruit was 
marked with a toothpick. In 1964 and 1965, 25 fruits were planted per pot, and only 15 
were planted per pot during 1966. Each pot was labeled by species and pot number, then 
placed underwater in a large metal container. In any one water depth, pots of each species 
were interspersed to eliminate possible bias in a single water container. Water depths were 
adjusted daily during the early growth period and on alternate days when plants were mature. 
Surface algae were removed as they appeared . 
Because work by Bedish (1964) had shown that a maximum of 1 inch of water was ideal 
for germination, this depth was considered the control and was used for starting most plants. 
Some plants then were flooded (" flooding experiment"), and still others were germinated 
in depths of 1to16 inches of water ("germination experiment"). Bedish (1964) also showed 
that 1-year-old seeds germinated at nearly twice the rate of 2-year-old seeds; thus, only seeds 
from the previous growing season were used . 
A sample of five plants was measured in each pot at approximately monthly intervals 
from April through September or early October when even late-germinating plants had stopped 
growing. No plants were kept after their first season of growth. 
RESULTS 
Germination in Greenhouse Plantings 
Large numbers of seeds were germinated to (1) determine the influence of water depth 
on germination, (2) appraise germination rates under controllable conditions, which might 
provide information useful in field-seeding, (3) compare the rates of the hybrid with common 
cattail, and ( 4) provide seedlings for other experiments. Germination rates were recorded in 
different experiments but, in all cases, the two forms of cattails were treated comparably. 
A summary of germination experiments is shown in Table 1, and Figures 1 to 3 provide 
detailed data on chronology and germination rate in relation to water depth for 1966. Germi-
nation of cattail seeds usually was less than 50%, with rates of the hybrid exceeding those of 
common cattail in two of the three years of study. However, rates were highly variable, possi-
bly due to seed source or hybridization. These experiments were not designed to test possible 
influences of other factors on germination (Sifton, 1959). 
Weekly to biweekly recordings taken during 1966 demonstrate a sigmoid pattern of the 
chronology of germination. Seeds were planted on March 19 and over 95% of the germination 
occurred within 35 days in the 1-inch water depth. 
The influence of water depth on germination was measured only during 1966 (Figure 1). 
In these experiments germination rates of common cattail equaled or exceeded those of the 
hybrid. Both species had maximum germination in one inch of water. An inverse relationship 
exists between germination rate and water depth, but some plants of both T. latifolia and the 
hybrid (15 and 16%) germinated even in 16 inches of water (Figures 1 and 2). 
In all years, plants in flooding experiments were inundated to 20-25 mm. Such flooding 
stopped germination (Figure 3), but plants held at the 1-inch depth in both flooding and 
germination experiments had 5 to 8% additional germination during the same time period 
(Figure 1). 
The Influence of Water Depth on Growth 
The effect of water depth on normal growth of cattail was determined by recording cumu-
lative growth of plants germinated and grown under water at four depths-1, 6, 12, and 16 
inches. Data on growth rate of the tallest leaves collected in 1966 demonstrate that peak 
growth was over by mid-July (Figure 4). Rates of growth of the two forms were similar for 
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Table 1. Percentage germination of two forms of cattail in the greenhouse. 
Water Depth in Inches 
Year Form _ _ 1_ __ 6_ _1_2_ _1_6 _ 
1966 Hybrid 41 (105) * 31 (105) 20 (105) 16 (105) 
(germination 
experiment) Common 51 (105) 29 (105) 21 (105) 15 (105) 
1966 Hybrid 40 (585) 
(flooding 
experiment) Common 45 (615) 
1965 Hybrid 42 (1500) 
Common 14 (500) 
1964 Hybrid 46 (750) 
Common 42 (750) 
*Number of seeds planted indicated in parentheses 
the first two months, but the hybrid continued to grow at a slightly greater rate in most depths 
than did common cattail. 
Experiments were not designed to measure variables (other than water depth) that influ-
ence growth rates, but all experiments were conducted under the same light and temperature 
conditions. Nevertheless, some minor variation in light could have resulted from the depth of 
containers used for deep-water experiments. 
Cumulative growth followed a typical sigmoid curve in most depths. Cumulative growth 
in height showed a direct relationship with water depth in the hybrid. The relationship of 
height to water in common cattail (Figure 5) appears to be inverse for the 1-through-12-inch 
depths; then plants in the 16-inch depth exceed all others. Because so few seeds germinate at 
this depth, probably those that do are better adapted for this depth. Moreover, much greater 
variability is evident in both forms as water depths increase (Figure 6). Analysis of Variance 
tests indicate that species differ significantly (P <.01) and that water levels influence growth 
of both species (P <.01). 
Plants supported by water were not as robust during their early growth as were plants 
growing in shallow water. Leaves of both kinds growing · in deeper water were ~eak and 
floating on the water until midsummer (Figure 7), but by the end of summer these same 
leaves were sufficiently robust to stand without support of water. 
Size of stems in the two forms differed dramatically, with T. latifolia significantly larger 
in diameter (P <.01) (Figure 8 and 9). However, basal diameter of the stem showed no 
clear-cut relationship to water depth in this experiment when seeds had been germinated in 
the water depth in which they later grew. The variability in basal diameter was especially 
great for common cattail and increased with water depth as shown by ranges and standard 
errors (Figure 9). 
Influence of Flooding on Growth of Seedlings 
To stimulate the natural event of a mass seeding that subsequently is flooded, and to 
measure the effects of various levels of flooding, seeds were germinated in 1 inch of water and 
allowed to develop to a height of 20 to 50 mm. Then they were flooded to various depths. 
1964 Experiment. In 1964, seeds were planted on March 21, and plants were flooded 
on May 2 when most plants were 30 to 35 days old and 25 to 40 mm tall. Sixteen pots of 
each species were selected and divided into groups so that they were equally divided by species 
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(Germination experinient, 1966 ;i 05- seeds in each -depth). 
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Figure 2. Inverse relationship between percentage germination and water depth for the two 
forms of cattail (Germination experiment, 1966; 105 seeds in each depth). 
into four water depths: 1 (control), 6, 12, and 16 inches. By June 9, plants in 1 inch of water 
were characterized by weak, floating leaves (Figure 7). A few standing leaves were present in 
the 6-inch depth. 
Plants were measured on June 25 when they were about 85 days old and on October 7 
after growth had been completed. On June 25, a clear-cut relationship existed between water 
depth and total height of the plants, except in T. latifolia, which showed only a slight decrease 
from the 12- to the 16-inch depth. Moreover, growth of the two forms showed little differ-
ence. At this time, plants in the 1- and 6-inch depths were robust, but those in 12 and 16 
inches of water were pale in color and their leaves were floating and ribbon-like. By October 
7, when plants were about 6 months old, a greater difference was obvious in the two forms: 
T. latifolia showed a slight increase in total height with increasing water depth (Figure 10); 
the hybrid form showed a positive relationship and exceeded the growth of common cattail in 
all water depths except the control (1 inch) where the two forms were equal. 
1965 Experiment. During 1964, seedlings surviving per pot averaged eight but ranged 
from 3 to 16. Experiments during the spring of 1965 were identical in design, except 
seedlings were reduced to eight per pot to eliminate the bias caused by different numbers of 
plants in different pots. This was only partly successful because of mortality in some plants 
and delayed germination in a few ~ots. 
In 1965, seeds were planted in mid-April, and 16 pots of the hybrid from Round Lake 
and five of common cattail from Goose Lake near Jewell, Iowa, were divided equally into four 
water depths: 1, 6, 12, and 16 inches. Growth stopped in August, and measureme11ts of 
heights were taken on September 24. Growth was considerably greater in 1965 than during 
1964, possibly because there were fewer plants per pot. However, the same relationship 
between height and water depth was observed (Figure 11) in the hybrid. Total growth of 
common cattail in both 12- and 16-inch depths was reduced, but this may be a function of 
sample size and the genetic makeup of the cattail used. 
In addition to total height, diameter of the base of the plant at soil level was used as a 
measure of robustness. Figure 12 shows that the basal diameter of common cattail is nearly 
twice that of the hybrid when the two grow in 1 inch of water. In this small sample, stem 
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Figure 3. Cumulative germination in percentage of seeds germinated in 1 inch of water that 
subsequently were flooded to one of five depths (Flooding experiment, 1966; 105 seeds in 
each depth). 
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(Germination experiment, 1966). 
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Figure 6. Maximum height in October of plants germinated in one of four water depths with 
Range and M± 2 S. E. (Germination experiment, 1966). 
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Figure 7. Filiform leaves of cattail growing in 20 inches of water. tr_j ~ 
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Figure 8. Cumulative growth in diameter of shoots of two forms of cattail germinated in one 
of four water depths (Germination experiment, 1966). 
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diameter of common cattail declined as the water depth increased while that of the hybrid 
actually increased slightly. Again, an adaptation to deep water is suggested in the hybrid. 
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Figure 10. Relationship of mean maximum height of plants sampled to water depth in plants 
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after germination in 1 inch of water (Flooding experiment, 1965). Sample sizes are indicated 
by means. 
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1966 Experiments. On April 23, 1966, plants seeded on March 19 and germinated during 
March 28 to April 23 were used. Eight pots (15 seeds each) of each form were flooded to 6, 
12, 16, and 20 inches, and eight pots of each form were left in the 1-inch depth as controls. 
Cumulative growth in total height was recorded monthly; these data and growth rates of 
the two forms in different water depths are shown in Figures 13 to 17. Cumulative growth was 
similar in both species during the first 10 weeks, after which time the growth of the hybrid 
exceeded that of common cattail in each water depth (Figure 13). Especially in the hybrid, 
there was a direct relationship between water depth and height of the plants. However, an 
Analysis of Variance test indicates statistical significance (P <.01) between species and for 
the influence of water depths (Figure 14). Especially in common cattail, small plants that 
were flooded grew taller than plants grown from seeds that germinated in the same water 
depth in which they later grew (compare Figure 5 and Figure 13). Moreover, the variability 
in height was greater in the plants grown from seeds germinated in deep water than in plants 
flooded after germination (compare Figures 6 and 14). 
After 8 weeks of growth, cumulative growth in basal diameter of common cattail ex-
ceeded the hybrid in size in all instances (P <.01). Plants flooded when 30 to 50 mm high 
had a tendency toward an inverse relationship between diameter and water depth (Figures 15 
and 16). 
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Figure 12. Relationship between mean maximum basal diameter of shoots and water depth 
(Flooding experiment, 1966). Sample sizes are indicated by means. 
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Rhizome Shoot Production in the Greenhouse 
Because vegetative propagation is the major means of reproduction in flooded cattail 
stands, a measure of vegetative growth is found in the production of rhizome shoots. These 
shoots develop in late summer after the main abovewater growth is finished (Fiala, 1971) and 
mature into an erect leafy shoot during the following year. The number of rhizome shoots 
produced per plant in 1965 differed between the two forms and in relation to water depth 
(Figure 18); the hybrid produced more shoots at all water levels, and shoot production was 
nearly halved when water levels exceeded 6 inches. 
In 1966, more plants were available, and rhizome production was measured on approxi-
mately half the available plants. An inverse relationship was suggested for both forms (in 
both experiments) with water depth (Figure 19) although neither the difference between 
species nor the relationship to water depth was as dramatic as suggested by data from 1965 
(Figure 18). Nevertheless, reproduction was clearly better at 1 to 6 inches (1.5 to 2.2 stalks 
per stem) than at 12- to 20-inch depths (1.0 to 1.3 stalks per plant). 
Stalk Density in Natural Populations 
General observations on the density of cattail stands point out their potentially high 
biomass production and their annual increment at observed water depths. In 1963, a compari-
son was made of old versus new green stalks in a dense stand of hybrid cattail at Round Lake. 
Water levels varied from 15 to 20 inches during the major growth period. All stalks were cut 
and counted in four, 1/lOOOth-acre plots. New stalks averaged 311, while old averaged 296. 
Considering some possible loss of old stems during the previous fall, a simple replacement 
ratio is suggested in this water depth. Water level, nutrient level, competition, and muskrat 
consumption will modify this figure from place to place. In this study no damage by muskrats 
was involved, and actual stalk production (approximately 1 new:l old) agreed closely with 
figures derived in the greenhouse at this depth (Figure 19). 
Standing Crop of Cattail 
Shoots were cut and new green shoots were counted in eight, 1/lOOOth-acre plots in the 
same hybrid cattail stand at Round Lake where other field work was done. Including the four 
plots in which old shoots were counted as well as green shoots, the average number of green 
shoots for the 12 plots was 314. To appraise standing crop of cattail after the main growth 
period, whole plants were dug up and weighed on August 1, 1963. All current-year rhizomes 
and shoots were included. These were air-dried and later oven-dried to determine the average 
weight per shoot (40.12 rg). By use of a basis of 314 stems per 1/lOOOth-acre quadrat, the 
standing crop was 12,598 g or 27.8 lbs per quadrat (27,810 lbs/acre or 3113 g/M2 ). This is 
above the 1360 g/M2 measured by Bray (1962), and includes both above ,ground and under 
ground material. The figure obtained in my study is slightly below that of Spartina (3300 
g/M2 ) (Odum, 1959) but considerably above that of corn (619-1077 g/M2 ) (Ovington, 
Heitkamp and Lawrence, 1963). 
During 1966, standing crop of living cattail tissue resulting from several years of growth 
was measured in the same dense stand of the hybrid at Round Lake (Table 2). Meter-square 
Table 2. Wet-weights and calculated <ky-weights in grams oflivinghybrid cattail in three, meter-square quad-
rats at Round Lake, 1966. 
Water New Old 1966 Growth 1 4 Previous Growth
2 Total Living Plant3 
Date Depth Stalks Stalks Wet Wt. Dry Wt. Wet Wt. Dry Wt. Wet Wt. Dry Wt. 
14 July 22 inches 118 242 18,593 4,314 49,856 5,384 68,449 9,698 
21 August 18 inches 141 256 15,220 .3,531 59,465 6,422 74,685 9,953 
23 August 4 inches 71 122 8,521 1,977 23,065 2,491 31,586 4,468 
1 Leaves, stems and rhizomes (1966 production) 
2 Live rhizomes only, from previous years' growth 
!Standing crop of living material 
Calculation basis of dry"' 23.2% of wet-weight of recent plants ; 10.8% of previous growth of rhizomes 
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Figure 13. Cumulative growth expres.5ed as mean height of two forms flooded to one of five 
depths after germination in 1 inch of water (Flooding experiment, 1966). 
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Figure 14. Mean maximum plant height of two forms flooded to one of five depths after 
germination in 1 inch of water (Flooding experiment, 1966). 
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Figure 15. Cumulative growth in basal diameter of shoots of two forms flooded to one of 
five depths after germination in 1 inch of water (Flooding experiment, 1966). 
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Figure 16. Maximum growth in basal diameter of shoots of two forms flooded to one of five 
depths after germination in 1 inch of water (Flooding experiment, 1966). 
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Figure 1 7. Mean growth rate in height of two forms flooded to one of five depths after 
germination in 1 inch of water (Flooding experiment, 1966). 
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quadrats were staked, and a vertical cut was made along the marker lines. Green plants and 
their rhizomes were weighed separately from rhizomes of previous years; dead stalks from 
previous years were counted but not weighed. 
From comparison of the cattail stand analyzed in 1966 with that done in 1963 in the 
same area of Round lake, reproduction obviously had been via vegetative propagation. In 
the 1963 growing season single shoots with fresh rhizomes could be pulled from the soil with 
little evidence of other rhizomes. In 1966 several layers of rhizomes were interwoven, forming 
a mat 14 to 17 inches thick. The basal rhizomes were buried in the soil and were hard and 
orange-colored externally like tree roots. The deepest rhizomes at the soil surface were firm 
and black; the middle layers were yellor-colored outside and soft, but rather dry internally. 
New rhizomes were on the surface, white, and succulent. Neither the roots nor the rhizomes 
of the upper, recent plants were in soil. Thus, recent generations of cattail were growing on a 
mat of rhizomes formed by previous generations, and were standing in only a few inches of 
water. 
This standing crop of living material represented the major biomass production of a dense 
cattail marsh and was the major source of food for muskrats and other herbivores. Additional 
production was found in manyoother rooted and floating aquatics. 
Effects of Cutting and Spraying on Cattail Survival and Growth 
Because underwater cutting of cattail reduces or prevents regrowth (Nelson and Deitz, 
1966), this technique might be useful in managing marshes for greater attraction of birds. 
Some preliminary experiments were started at Rush Lake (Palo Alto Co.) in 1958. This lake 
had experienced a severe muskrat "eat-out" in 1957, and the remaining cattail stubble then 
was flooded. In June some of this submerged stubble was pulled up and planted at the edge 
of the lake in a small enclosure; other cattails were brought into the laboratory. Plants in both 
places sprouted, demonstrating viability reduced by submergence of the stalk. 
Also in June 1958 two experimental plots were cut in nearly mature hybrid Typha at 
Rush Lake. An above-water cutting regrew promptly; an underwater cutting did not. Because 
extremely dense cattail reduces waterfowl use of marshes; cutting by some quick and inexpen-
sive means might be used to make a densely vegetated marsh more suitable for waterfowl. 
Eventually muskrats will open such dense vegetation (see Errington, Siglin, and Clark, 1963; 
Weller and Spatcher, 196.5 ), but artificial openings might make areas attractive to waterfowl 
several years in advance of the normal rate of muskrat cutting. Working on this hypothesis, 
several employees of the State Conservation Commission cut large areas in Round Lake by use 
of a tractor and mower on ice (Figure 20). Some of these cuttings remained open; some did 
not. Further experimentation was conducted to evaluate the differences by using smaller 
plots of 1/40 acre. 
1/40 Acre Plots. Ten experimental areas and ten controls were established in Round Lake in 
the fall and winter of 1961-62. The various treatments are summarized in Table 3. Eight of 
these plots were 33 x 33 ft2 and were marked with stakes. A similar plot was completely 
fenced in an attempt to eliminate muskrats. Two sprayed plots were elongate (10 ft by 110 ft) 
and adjacent to an opening(Figure 20) so that they could be effectively sprayed with Dalapon 
(Dow Chemical Co.) by hand sprayers from a canoe. 
Estimates of regrowth are shown in Table 3. The only complete kills were caused by 
underwater cutting and spraying with Dalapon. Cattails killed with Dalapon, however; re-
mained standing (Figure 21) until fall of the year following spraying; thus, they did not create 
an opening suitable for marsh birds until two seasons after killing. However, a single spraying 
was highly effective in mid-July when seed heads were forming. 
Some of the remaining plots cut on ice were flooded during the following spring, but 
considerable regrowth occurred in several, presumably because water levels declined below the 
tips of the stubble. Early in 1963, water levels declined 2 inches below the original cattail 
stubble, but regrowth did not increase greatly over 1962. Some of these plants already were 
dead and the regrowth occurred only in those plants that had been alive in 1962. 
Invasion from adjacent areas and vegetative propagation of surviving plants gradually 
increased the percentage regrowth. However, even after these variable water levels, sparse 
regrowth occurred in most of the plots for at least four growing seasons. Thereafter, damage 
both to controls and to treated plots by muskrats was too severe to permit comparisons. 
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Table 3. Influence of treatments and water levels on cattail at Round Lake (1/40th acre plots). 
Controls maintained uniform densities. 
Subsequent Per Cent Per Cent 
Plot rise in regrowth regrowth 
No. Treatment Year water level •1962 1965 
1 Cut with scythe Winter + .7-.8 ft 1 1 
under water 1961-62 
2 Cut with scythe Winter 35 75 
on ice 1961-62 
lA Cut with scythe Winter 25 25 
on ice 1961-62 
2A Cut with scythe Winter 10 40 
on ice & burned 1961-62 
3A Cut with scythe Winter 15 20 
on ice 1961-62 
4A Cut with rotary Winter 15 23 
mower 1961-62 
5A Fenced Spring 70 75 
1962 
6A Crushed Winter 40 10 
1961-62 
7A Dalapon spray Summer 5 15 
1 treatment 1962 
8A Dalapon spray Summer 1 1 
2 treatments 1962 
1/lOOOth Acre Plots. To relate more precisely growth to depth of water covering the cuttings, 
12 smaller plots were cut with a hand scythe in dense, hybrid cattail at Round Lake. Cuts 
were made at various levels above and below the waterline (Table 4) because water levels could 
not be controlled precisely. 
Puring the main growth period in late June when some plots were cut, plants cut 2 to 6 
inches below water level ceased growth almost immediately. Those severed at, near, or above 
water level continued to grow at a rate of 1.6 to 2.0 inches per day (Figure 21). Plots cut in 
late July were near the end of the growth period, because those plants cut at or above. water 
level continued to grow at a rate of only 0.1 to 0.5 inches per day. Two plots cut under water 
at this time (-2 and -6 inches) also failed to grow. 
Water depths increased from 2 to 4 inches in 1964, but water levels declined in mid-
summer. Plants submerged from 1 to 8 inches did not regrow. Plants 4 to 10 inches above 
the water level grew well, and the cattail population in the plots reached levels from 20 to 
85% of their original density. Some regrowth during late 1965 may have been by invasion of 
adjacent plants and the decline in water levels in .midsummer. Plants cut during winter, 
however, and unundated during the entire summer, were not viable the next year. 
Value Qf Cuttings tQ Marsh Birds. The value of open areas in emergent vegetation has been 
well established by Beecher (1942), Steel, Dalke, & Bizeau (1956), and Weller and Fredrickson 
(1974). However, little is known about the sizes of open pools necessary to attract various 
birds, or the relationship of these areas to vegetation. Observations during this and related 
studies indicated that even extensive cutting of emergents is of little benefit in attracting 
overwater nesters like coots (Fulica americana), redheads (Aythya americana), and ruddy 
ducks (Oxyura jamaicensis) when only a small portion of the lake is cut. Natural marshes 
seem most productive when the openwater areas increase to approximately 30 to 50% of the 
Figure 20. View of Round Lake in 1966 showing tractor cuttings made at least 6 years earlier 
in hybrid cattail. 
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Table 4. Growth responses of cattail in 1/lOOOth acre plots cut during the summer of 1963 in 
Round Lake. Controls maintained uniform densities. 
Height of cut 
(inches) in Number 1963 
Plot relation to stalks per Date Cut Summer Regrowth Regrowth 
No. water quad . 1963 Growth 1964 1965 
1B +6-10 303 25 June Yes 55% 25% 
5B +6-10 307 26 June Yes 55% 80% 
llB +6-10 342 1 Aug. Yes 100% 100% 
2B 0 282 25 June Yes 0 0 
6B 0 282 26 June Yes 0 5% 
9B 0 263 31 July Yes 20% 0 
3B -2 325 25 June No 0 0 
7B -2 313 25 June No 0 0 
lOB -2 240 31 July No 0 25% 
4B -6 334 25 June No 0 0 
SB -6 314 26 June No 0 1% 
12B -6 338 1 Aug. No 0 5% 
area covered by flooded emergent vegetation. The 1/40 acre (33 x 33 ft 2 ) plots were chosen 
because they simulated a large water opening as created around muskrat houses. However, 
these were not used by swimming birds and were little-used even by yellow-headed blackbirds. 
An important limitation may have been the lack of interconnections between the quadrats. 
Larger openings seem especially attractive to birds that must skitter to take off (coots, redheads, 
and ruddy ducks), and small areas the size of muskrat openings are less attractive. This was 
clearly demonstrated by the fact that a nearby opening cut by a tractor was used by yellow-
headed blackbirds (Xanthocephalus xanthocephalus) and by some coots and redheads and 
pied-billed grebes (Podilymbus podiceps)(Figure 20). This strip was nearly 300 ft long and 
about 30 ft wide, yet it seemed to attract swimming birds. 
On the basis of these general observations, marsh areas seem to attract most birds when 
the pools are increased in size and interconnected, although presence of many small openings 
is valuable. 
Management Implications 
Observations in the greenhouse demonstrate that high rates of germination are experienced 
at low water depths, and that plants 4 to 6 cm high can tolerate flooding with clear water to 
a depth of 20 inches. A depth less than 12 inches seems best to encourage growth of height, 
diameter, and rhizomes. However, optimal growth conditions for T. latifolia and the hybrid 
vary, with the hybrids being more successful in deeper water. When minimal reproduction is 
desired in either species, levels need to be deeper than 12 inches to reduce the number of 
rhizome shoots. Field studies of the hybrid form indicate that water levels of 15 to 20 inches 
reduce vegetative propagation to replacement of the population. These laboratory experi-
ments on depth and rhizome production agree with and help to explain observations on effects 
of water on common cattail by Steenis, Smith, & Cofer (1959). 
Field experiments with cutting demonstrate that cutting on ice in winter is the most 
simple and inexpensive procedure for creating artificial openings in the northern United States 
when subsequent flooding is possible. However, either water-level control is essential or the 
technique must be used during low water years. If levels are low at freeze-up, cuttings then 
can be flooded during the spring, and growth will be prevented. Submergence for one full 
growing-season seems to kill plants. 
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Because isolated cuttings of 1/40th acre were not found to attract birds, areas of 1/20 
to 1/4 acre with connections between water areas should be evaluated for their attractiveness 
to ducks. 
The effective use of herbicides in large marshes is difficult because application must be 
done during the growth period, and it is difficult to move through dense areas and regulate 
the spray. Aerial applications would not produce ideal interspersion unless done by heli-
copter. 
Where water-level control is possible, careful manipulation to encourage or c:liscourage 
growth seems the least expensive and most natural means of cattail management. One diffi-
culty is the uniform basin shape of most marshes. This results in loss by flotation of most of 
the central portion of the marsh simultaneously, and does not produce the optimal patchy 
pattern. Because of the excellent dispersion of openings made by muskrats, management of 
muskrat populations is the most efficient and inexpensive tool in management of marshes for 
both waterfowl and muskrats. Such management is not simple because of exponential growth 
of populations and the serious vegetative "eat-outs" (Errington, Siglin, & Clark, 1963). Where 
possible, both water-level control and management of muskrat populations should be used 
concurrently to maintain ideal cover-water interspersion at a level of 30 to 60% open water 
made up of well-interspersed but interconnected pools. 
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ADDITIONAL SPECIES OF LOP/DEA UHLER FROM MEXICO 
AND GUATEMALA (HEMIPTERA, MIRIDAE) 
Harry H. Knight1 and Joseph C. Schaffner 2 
ABSTRACT, Descriptions of 10 new species of the genus Lopidea include L . occidentalis 
from Baja California; L. pueblana and L. tehuacana from the state-of Puebla; L. miniata, L. 
oaxacana, L. austrina, L. pacifica, and L. splendida from the state of Oaxaca; L. murrayi from 
the states of Oaxaca and Vera Cruz in Mexico and Jutiapa in Guatemala; and L. guatemalana 
from Guatemala. Resthenia marginanda Distant taken in the states of Oaxaca and Puebla is 
transferred to the genus Lopidea and is redescribed. Illustrations of the right parameres of 
all but one species are included. 
With the species described in this paper, the genus Lopidea Uhler is the largest mirid 
genus in Mexico in terms of numbers of described species. Indeed, in arid areas members of 
the genus are among the most commonly taken forms. Undoubtedly many additional species 
remain to be collected. 
In addition to specimens available ill the collection of the Department of Entomology, 
Texas A&M University, material was borrowed from the collection of the California Insect 
Survey, University of California, Berkeley (CIS) through the courtesy of Dr. J. A. Powell; 
from the Snow Museum, Department of Entomology, Kansas University, Lawrence (KU) 
through the courtesy of Dr. P. D. Ashlock; and from the collection of the Rama de Entomo-
logia, Colegio de Postgraduades, Escuela Nacional de Agricultura, Chapingo, Mexico (ENA) 
through the courtesy of Dr. M. A. Tidwell. 
Lopidea miniata new species (Fig. 1) 
Closely resemblingL. mixteca Knight & Schaffner. This is a medium sized species, rather 
bright red in color, which can be separated from L. mixteca by the characteristic shape of the 
right paramere. 
Male (measurements are of holotype): Length 5.16 mm, width 1.84 mm. Head width 
1.00 mm, vertex width 0.54 mm ; posterior margin of vertex, slightly carinate, with erect or 
semierect black setae on carina and along eyes; remainder of head with lighter decumbent 
hairs; yellowish brown, with posterior margin and middorsal area of vertex, areas laterad of 
middorsal line on frons, clypeus, and gular area fuscous to dark fuscous. Antennae black, 
length of segment I 0.46 mm, II 1.64 mm, cylindrical, III 1.36 mm, IV 0.40 mm. Rostrum 
reaching apices of hindcoxae or slightly beyond; dark fuscous becoming black apically. 
Pronotum with lateral margins distinctly carinate; setae elongate, erect to semierect, fuscous; 
pronotal length 0.92 mm, width at base 1,42 mm, red in color, collar lighter, calli usually light 
fuscous. Hemelytron red except for margin along claval and corial commissures and along 
wing membrane to cuneus, membrane black; with both light decumbent hairs and darker 
semierect setae. Venter of thorax light fuscous, sides of pronotum, mesopleuron and meta-
1 Professor of Entomology, Department of Entomology, Iowa State University of Science 
and Technology, Ames, Iowa 50010. 
2Assodate Professor of Entomology, Texas A&M University, College Station, Texas 77843. 
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pleuron primarily light red, area of cleft above front coxae light fuscous; coxae, trochanters, 
and femora light fuscous , tibiae and tarsi black ; underside of abdomen red, venter of genital 
capsule light fuscous. 
We are unable to separate the female of this species from that of Lopidea mix teca Knight 
& Schaffner. Both species were taken at the same localities. 
Holotype: male, Mexico: Oaxaca, 2 min Totolapan, July 17, 1973, Mastro&Schaffner. 
Deposited in the National Museum of Natural History, Washington, D.C. Paratypes: 7 males, 
same data as holotype ; male, Mexico: Oaxaca, 11 mi w Tehuantepec, July 23, 1973, Mastro 
& Schaffner. Deposited in the H. H. Knight collection and in the collection of the Department 
of Entomology, Texas A&M University, College Station, Texas. 
Lopidea pueblana new species (Fig. 2) 
This species is bright red. The sickle-shaped tergal process on the genital capsule and the 
characteristic shape of the right paramere make the males of this form easy to recognize. 
Male (measurements are of holotype): Length 6.82 mm, width 2.28 mm. Head width 
1.20 mm, vertex width 0.62 mm ; vertex slightly carinate, depressed posteriorly; setae along 
eyes and on carina prominent, dark, semierect and erect with short inconspicuous semierect 
or decumbent hairs on middorsal area of vertex, frons glabrous, remainder of head with short, 
fine hairs; reddish orange, clypeus black or dark fuscous, lighter near base, lora red at least in 
part. Antennae dark fuscous to black; length of segment I 0.58 mm, II 2.22 mm, cylindrical, 
III 1.44 mm, IV 0.56 mm. Rostrum reachinghindcoxae ;segment I reddish fuscous, remainder 
dark fuscous to black. Pronotum with lateral margins carinate ; setae dark, semierect; pronofal 
length 1.12 mm, width at base 1.72 mm; anterior portion through area of calli reddish orange, 
disc bright red. Scutellum bright red ; setae dark, semierect. Hemelytron slightly darker red 
than pronotum, fuscous along margin of corium and membrane to base of cuneus, membrane 
black;setae generally semierect, dark with some lighter decumbent setae or hairs especially on 
clavus. Underside of thorax and abdomen light reddish orange, genital capsule sometimes 
darker orange; coxae and trochanters same color as underside, femora bright reddish orange 
basally becoming infused with fuscous coloration apically, tibiae and tarsi dark fuscous to 
black. 
Female unknown. 
Holotype: male, Mexico, Puebla #30, 4 mi se Las Penes, August 20, 1969, 4800', George 
W. Byrnes. Deposited in the Snow l\foseum, Kansas University , Lawrence, Kansas. Paratypes: 
2 males same data as holotype. Deposited in the Snow Museum and in the H. H. Knight col-
lection. 
Lopidea tehuacana new species (Fig. 3) 
This medium-sized species is characterized by being predominantly black with the lateral 
areas of the pronotum and hemelytra light orange. The hairs and setae are short and usually 
decumbent. The right paramere of the male is distinctive. 
Male (measurements are of holotype): Length 5.74 mm, width 1.94 mm. Head width 
1.10 mm, vertex width 0.62 mm; vertex slightly carinate posteriorly, with several semierect 
setae at posterior corner of eye; vertex and frons with inconspicuous short decumbent hairs 
and frons with semierect longer seta arising near antenna! socket; black with areas along eyes, 
juga, genal regions, and portion of bucculae pale to fuscous or black. Antennae black; length 
of segment I 0.40 mm, II 1.5 mm, cylindrical, III 1.00 mm, IV 0.34 mm. Rostrum reaching 
apices of midcoxae; black. Pronotum with lateral margins distinctly carinate; setae short, 
semierect, black; pronotal length 0.94 mm, width at base 1.52 mm ; area immediately behind 
collar, calli, and medial 2/3 of disc to posterior margin dark fuscous to black, lateral margins 
of disc light orange, collar varying from pale orange to fuscous. Scutellum black; setae short 
and semierect. Hemelytron black except embolium and area of exocorium immediately 
adjacent light orange, cuneus light orange becoming slightly fuscous toward inner angle, 
membrane black; hairs short, mostly decumbent, some appearing golden in incident light, 
setae more semierect along margin of claval commissure and bordering membrane, black. 
Underside of thorax dark fuscous to black with side of pronotum behind coxal cleft light 
orange; legs dark fuscous to black; underside of abdomen fuscous to black becoming slightly 
lighter laterally. 
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Female (measurements are of allotype): Length 5.56 mm, width 1.92 mm. Head width 
1.10 mm, vertex width 0.66 mm. Length of antenna! segment I 0.46 mm, II 1.58 mm, III 
0.96 mm, IV 0.38 mm. Pronotal length 0.99 mm, width at base 1.62 mm. Similar to male in 
color and structure. 
Holotype: male, Mexico: Puebla, 6 mi sw Tehuacan, July 8-10, 1973, Mastro & Schaffner. 
Deposited in the National Museum of Natural History, Washington, D.C. Allotype: female, 
same data as holotype. Deposited in the National Museum of Natural History. Paratypes: 57 
males, 57 females, same data as holotype. Deposited in the H. H. Knight collection and in the 
collection of the Department of Entomology, Texas A&M University, College Station, Texas. 
sp.) 
Lopidea marginanda (Distant) new combination (Fig. 4). 
1833 Resthenia marginanda Distant, Biol. Cent. Amer. Rhyne. I: 258, pl. 22, fig. 16 (n. 
1886 Resthenia marginanda, Uhler, Check List: 18. 
1890 Resthenia marginanda, Atkinson, Jour. Asiatic Soc. Bengal. 58(2): 59 (cat.) 
1952 Platytylellus marginandus, Carvalho, Bol. Mus. Nae. 118:10 (n. comb.) 
1959 Prepops marginanda, Carvalho, Arq. Mus. Nae. 48:338 (n. comb.) 
Dr. J.C. M. Carvalho has called to our attention (personal communication) that Resthenia 
marginanda Distant is in fact 11 member of the genus LO-pidea. The type was loaned to us 
through the courtesy of Dr. U. Gollner-Scheiding of the Zoologisches Museum fiir Naturkunde 
der Humboldt Universitat zu Berlin. 
This distinctive species can readily be recognized from other forms on the basis of color 
pattern as well as by the structure of the male parameres. The light yellow or white embolium 
and outer margin of the cuneus contrast sharply with the red or reddish fuscous coloration of 
the corium, etc. The dark fuscous or black middorsal spot at the base of the clypeus and the 
dark coloration on the neck and posterior margin of the vertex appear characteristic. The 
underside is largely white with reddish and fuscous markings. The two specimens at hand 
compare favorably with the type in nearly every respect. 
Male: Length 7.82 mm, width 2.50 mm. Head width 1.30 mm, vertex width 0.64 mm; 
vertex not carinate, with a few erect setae along eye; vertex and frons with few extremely 
short decumbent hairs, clypeus, juga, lora, and genae with short semierect hairs; posterior 
portion of vertex black, remainder of vertex with frons reddish brown, paler along eyes, 
clypeus reddish brown at base with elongate black spot middorsally, clypeus black along sides, 
becoming completely black apically, juga, basal 2/3 of lora and genal area pale, almost white, 
apical 1/3 of lora and bucculae reddish brown to fuscous. Antennae dark brown to black; 
length of segment I 0.64 mm, II 2.62 mm, cylindrical, III 1.80 mm, IV 0.40 mm. Rostrum 
reaching apices of hindcoxae; segment I reddish brown to fuscous, remainder dark fuscous to 
black. Pronotum with lateral margins sharply carinate; row of short black semierect setae on 
lateral margins, hairs on disc generally inconspicuous, light, fine and decumbent; pronotal 
length 1.32 mm, width at base 2.10 mm; posterior margin of calli and region between calli 
black, remainder of calli brown with fuscous to black spots, collar pale, disc red with posterior 
margin white. Mesoscutum somewhat exposed; reddish to fuscous. Scutellum red with 
brownish tinge; hairs short, inconspicuous, light, and decumbent. Hemelytron dark red, 
posterior portion of clavus and adjacent area of endocorium tinged with fuscous, margin 
along coreal commissure black, apical 3/4 of outer margin of embolium and outer margin and 
apical angle of cuneus light yellow to white; hairs short, decumbent, often appearing golden, 
setae short, semierect to decumbent ; membrane dark fuscous. Underside with prosternum 
white with posterior margin red; dorsal 1/3 of side of pronotum light red, remainder white; 
mesosternum reddish brown to fuscous, pleural region pale, reddish anteriorly and posteriorly; 
metasternum red, pleural region white; coxae pale with some fuscous markings, ·trochanters 
light fuscous, femora reddish brown with fuscous spots, tibiae and tarsi dark fuscous to black; 
underside of abdomen primarily white with limited reddish areas laterally along anterior mar-
gin of segments; genital capsule with both red and brown coloration. 
Female (measurements are of holotype): Length 8.32 mm, width 2,56 mm. Head width 
1.32 mm, vertex width 0.68 mm. Length of antenna! segment I 0. 70 mm, II 2.60 mm, III and 
IV missing. Pronotal length 1.40 mm width at base 2.16 mm. Holotype almost identical in 
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color and pattern to male but with more reddish coloration on underside of abdomen. Second 
female slightly lighter in coloration than male with entire embolium light. 
Material studied: Holotype, female on loan from the Museum fiir Naturkunde der 
Humboldt-Universitat zu Berlin. Collected in "Oaxaca" by Deppe; male, Mexico: Puebla, 
6 mi sw Tehuacan, July 8-10, 1973, Mastro & Schaffner, deposited in the H. H. Knight 
collection; female, Mexico : Oaxaca, 2 min Totolapan, July 17, 1973, Mastro & Schaffner, 
deposited in the collection of the Department of Entomology, Texas A&M University, College 
Station, Texas. 
Lop idea oaxacana new species (Fig. 5) 
This medium-sized species is red and black above and with characteristic pale or white 
areas most prominent on the ventral half of the side of the pronotum, the metapleuron, and 
usually on the posterior half of the abdominal segments. The right paramere, while distinc-
tive, is similar to that of L . zapoteci Knight & Schaffner. 
Male (measurements are of holotype) : Length 5.70 mm, width 2.00 mm. Head width 
1.10 mm, vertex width 0.54 mm ; vertex weakly carinate posteriorly; erect black setae on 
carina and along eye, shorter semierect hairs medially continuing downward onto frons and 
clypeus, dark red with area of carina of vertex, area on frons adjacent to middorsal line, 
clypeus and gular area dark fuscous to black, with amount of dark coloration rather variable 
between specimens. Antennae brown to black; length of segment I 0.46 mm, II 1.82 mm, 
cylindrical, III 1.48 mm, IV 0.48 mm. Rostrum reaching apices of hindcoxae; dark fuscous 
to black. Pronotum with lateral margins carinate; setae dark, semierect; pronotal length 
1.06 mm, width at base 1.66 mm ; dark reddish to reddish brown, region of calli black. 
Scutellum reddish to reddish fuscous; setae dark, semierect. Hemelytron dark red becoming 
reddish fuscous or fuscous on posterior 1/2 of clavus and continuing posteriorly onto endo-
corium and sometimes cuneus, membrane black; hairs appearing flattened, scattered, and 
decumbent, light in color, setae semierect, light in color on red areas becoming darker on 
fuscous areas. Side of thorax red with small area immediately anterior to procoxal cleft, 
ventral area of side of pronotum behind cleft and most of metapleuron pale to white, venter 
dark fuscous; legs reddish fuscous to black, tibiae and tarsi darker than coxae, trochanters and 
femora; underside of abdomen dark red with posterior half of segment II and frequently the 
posterior margins of other segments pale to white, genital capsule fuscous ventrally. 
·Female (measurements are of allotype): Length 6.96 mm, width 2.34 mm. Head width 
1.18 mm, vertex width 0.64 mm. Length of antenna! segment I 0.48 mm, II 1.96 mm, 
III 1.48 mm, IV 0.42 mm. Pronotal length 1.22 mm, width at base 1.88 mm. Slightly darker 
in color, underside of abdomen more fuscous midventrally ; posterior margins of abdominal 
segments more often not noticeably lighter; similar in structure. 
Holotype: male, Mexico: Oaxaca, 2 min Totolapan, July 17, 1973, Mastro & Schaffner. 
Deposited in the National Museum of Natural History, Washington, D.C. Allotype: female, 
same data as holotype. Deposited in the National Museum of Natural History. Paratypes: 
4 males, 41 females, same data as holotype ; 3 males, 6 females, Mexico: Oaxaca, 2.7 mi nw 
El Cameron, July 24-25, 1973, Mastro.& Schaffner; 1 male, 4 females, same locality, July 24, 
1973, taken at light; 6 males, 22 females, Mexico: Oaxaca, Presa Benito Juarez, July 24-25, 
1973, Mastro & Schaffner ; 3 males, 2 females, Mexico: Oaxaca, 11 mi w Tehuantepec, July 
23, 1973, Mastro & Schaffner ; female, Mexico: Oaxaca, 32.8 mi nw Jalapa del Marques, 
July 13, 1971, Clark, Murray, Hart, Schaffner; male, Mexico: Oaxaca, 2.1 mi east of Jalapa 
del Marques, July 12, 1971, Clark,Murray, Hart, Schaffner. Deposited in the H. H. Knight 
collection and in the collection of the Department of Entomology, Texas A&M University, 
College Station, Texas. 
Lopidea guatemalana new species (Fig. 6) 
This is a medium-sized, red-and-fuscous-to-black form having only a single type of pu-
bescence on the hemelytron. The parameres are distinctive for the species. 
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Male (measurements are of holotype): Length 5.96 mm, width 2.14 mm. Head width 
1.22 mm, vertex width 0.66 mm; vertex weakly margined posteriorly, with erect black setae 
along posterior margin and light decumbent or semidecumbent hairs on remainder of head; 
vertex, frons, and clypeus fuscous to black with area along eye and remainder of head reddish 
fuscous to fuscous. Antennae dark reddish fuscous to black; length of segment I 0.60 mm, 
II 2.24 mm, cylindrical, III and IV missing. Rostrum reaching hindcoxae; fuscous to black. 
Pronotum with lateral margins carinate; hairs both light and dark, fine, decumbent to semi-
erect; pronotal length 1.02 mm, width at base 1.64 mm ; region of calli fuscous to black with 
median area of disc extending to posterior margin reddish fuscous, anterior margin of prono-
tum and remainder of disc red. Mesoscutum and scutellum dark reddish fuscous; hairs of 
scutellum, light, decumbent . Hemelytron red with area along claval commissure and continu-
ing posteriorly onto inner margin of endocorium to inner angle of cuneus reddish fuscous to 
fuscous, membrane dark fuscous; hairs decumbent, light in red areas, darker in fuscous areas; 
cuneus 1 1/2 times as long as wide at base. Underside reddish fuscous to fuscous; sides of 
pronotum red; coxae, trochanters, and femora dark reddish fuscous to fuscous, tibiae and 
tarsi fuscous to black. 
Female (measurements are of allotype) : Length 6.14 mm, width .06 mm. Head width 
1.22 mm, vertex width 0.68 mm. Length of antenna! segment I 0.56 mm, II 1.98 mm, III 
1.34 mm, IV missing. Pronotal length 0.94 mm, width at base 1.58 mm. Similar to male in 
color and structure. 
Holotype: male, Guatemala, C.A., San Joaquin Zacapa, Agosto 11, 1965, Alberto Ortiz. 
From the collection of the Rama De Entomologia, Colegio de Postgraduados, Escuela Nacional 
de Agricultura, Chapingo, Mexico and deposited in the National Museum of Natural History, 
Washington, D.C. Allotype: female, same data as holotype. Deposited in the National Museum 
of Natural History. Paratypes: 3 males, 7 females, same data as holotype. Deposited in the 
collections of the Rama de Entomologia, Escuela Nacional de Agricultura and the Department 
of Entomology, Texas A&M University , College Station, Texas. 
Lopidea splendida new species (Fig. 7) 
This is the largest species of Lopidea described to date. Its color pattern, especially the 
light area between the claval suture and the claval vein on the hemelytron, make it one of the 
more attractive and easily recognized species. The right paramere of the male is also distinctive. 
Male (measurements are of holotype): Length 9.80 mm, width 2.76 mm. Head width 
1.44 mm, vertex width 0.76 mm; vertex not carinate; vertex and frons with erect and semi-
erect black setae, those of frons more or less forming longitudinal rows, remainder of head 
with fine , inconspicuous hairs; black with area along margin of eyes above and below and juga 
pale yellow, lora reddish brown. Antenna dark fuscous to black; length of segment I 0.88 mm, 
II 3.24 mm, cylindrical, III and IV missing. Rostrum reaching apices of midcoxae; Segment I 
reddish brown, remaining segments brown to dark fuscous. Pronotum with lateral margin's 
sharply carinate; disc slightly rugulose; setae black, erect, prominent; pronotal length 1.64 mm, 
width at base 2.52 mm; dark red with light red spot at base of each seta on disc making disc 
appear somewhat granulate. Scutellum dark redisetae black, erect. Hemelytron with clavus 
dark red with fuscous tinge, area between claval suture and claval vein pale, almost white, 
claval margin at claval commissure black, corium red becoming black along margin of mem-
brane, embolium lighter becoming pale or yellowish white_ posteriorly, cuneus red with inner 
angle fuscous and outer edge clearly margined with yellowish white, membrane dark, fus-
cous; setae black, semierect. Venter of thorax black; upper half of side of pronotum red, 
lower half yellow, area of collar immediately posterior to eye black, mesopleuron primarily 
pale yellow with black and red areas dark fuscous to black, trochanters light fuscous; femora 
light red, tibiae brown to dark fuscous, tarsi black. Underside of abdomen red with posterior 
margins of anterior segments pale yellow most conspicuous midventrally. 
Female (measurements are of allotype): Length 10.88 mm, width 2.92 mm. Head width 
1.44 mm, vertex width 0.80 mm. Length of antenna! segment I 0.88 mm, II, III and IV miss-
ing. Pronotal length 1.68 mm, width at base 2.56 mm. Similar to male in color, embolium 
reddish at base with remainder of embolium and cuneus, except along inner margin, white to 
pale yellow; similar in structure. 
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Holotype: male, Mexico: Oaxaca, Tehuantepec, 56 mi nw, July 27, 1963, J. Doyen 
Collector. From the California Insect Survey Collection, Berkeley, California, and deposited 
in the collection of the California Academy of Sciences, San Francisco, California. Allotype: 
female, same data as holotype . Deposited in the collection of tlre California Academy of 
Sciences. 
Lopidea pacifica new species (Fig. 8) 
This large and attractive species is easily recognized by its size, lack of a carina on the 
vertex, glabrous condition of the vertex and frons, the unusually short pubescence on the 
pronotum, and structure of the male genitalia. 
Male (measurements are of holotype): Length 7.84 mm, width 2.44 mm. Head width 
1.20 mm, vertex width 0.66 mm; vertex not carinate ; vertex and frons glabrous, remainder of 
head with fine inconspicuous light hairs; black except for areas bordering eyes, juga and areas 
of genal region fuscous to brown.Antennae black; length of segment I 0.68 mm, II 2.36 mm, 
cylindrical, III 1.68 mm, IV 0.52 mm. Rostrum reaching apices of mixcoxae; black. Pronotum 
with lateral margins sharply carinate; with several erect setae laterally on collar, hairs short and 
scattered, decumbent ; pronotal length 1.24 mm, width at base 1.92 mm;collar varying from 
red to black, calli and medial half of disc to posterior margin dark fuscous to black, remainder 
bright red. Scutellum black ; hairs unusually short, scattered and decumbent. Hemelytron red 
at base with approximately costal half of corium including cuneus red, remainder including 
extreme inner angle of cuneus black, membrane black; hairs short, scattered and decumbent, 
setae longer and more semierect towards apex of corium and cuneus, also more sense and 
more erect along outer margin of embolium and along edge of corium bordering membrane. 
Underside of thorax dark fuscous to black, side of pronotum red, lateral area of collar oc-
casionally fuscous to light fuscous; legs black, sometimes with reddish tinge; underside of 
abdomen black becoming reddish laterally. 
Female (measurements are of allotype): Length 8.16 mm, width 2.60 mm. Head width 
1.24 mm, vert'ex width 0. 72 mm. Length of antenna! segment I o. 72 mm, II 2.48 mm, III 
1.72 mm, IV 0.48 mm. Pronotal length 1.36 mm, width at base 2.16 mm. Similar to male in 
color and structure. 
Holotype: male, Mexico: Oaxaca, 13 mis Suchixtepec,July 14, 1973,Mastro & Schaffner. 
Deposited in the National Museum of Natural History, Washington, D.C. Allotype: female, 
same as holotype. Deposited in the National Museum of Natural History. Paratypes: 10 males, 
9 females, same data as holotype. Deposited in the H. H. Knight collection and in the collection 
of the Department of Entomology, Texas A&M University, College Station, Texas. 
Lopidea occidentalis new species (Fig. 9) 
This species resemblesL. wileyi Knight in several respects and is characterized by having 
a reddish-orange pronotum and dark hemelytra. Lopidea wil~yi differs from this form in 
having a much darker pronotum, and although the parameres are similar, specifie differences 
can be noted. 
Male (measurements are of holotype): Length 4.86 mm, width 1.66 mm. Head width 
0.98 mm, vertex width 0.50 mm; vertex somewhat depressed, not carinate posteriorly; vertex 
with erect and semierect dark setae along eyes and across posterior margin, frons and middor-
sal region of vertex with short, light, inconspicuous decumbent hairs, clypeus and genae with 
longer semierect light hairs; fuscous to dark fuscous with areas along eyes, juga, lora, and 
genal areas lighter to yellowish or reddish brown. Antennae dark fuscous to black; length of. 
segment I 0.46 mm, II 1.62 mm, cylindrical, III 1.10 mm, IV o.44 mm. Rostrum reaching 
hind coxae; segment I fuscous, remaining segments dark fuscous to black. Pronotum with 
lateral margins carinate; with both semierect, dark setae and fine, decumbent, light setae; 
pronotal length 0.88 mm, width at base 1.38 mm; region anterior to calli brownish yellow to 
light red, calli brownish yellow, disc reddish orange. Scutellum fuscous; setae semierect. 
Hemelytron dark fuscous with reddish tinge, the latter more prominent near base and often 
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on cuneus, membrane black; setae decumbent and semierect, usually dark. Underside and 
sides of thorax and abdomen pale, sometimes with light fuscous coloration, genital segment 
darker; coxae and basal part of trochanters pale, apical portion of trochanters and femora 
fuscous, tibiae and tarsi d·ark fuscous to black. 
Female (measurements are of allotype): Length 5.62 mm, width 1.84 mm. Head width 
1.04 mm, vertex width 0.58 mm. Length of antenna! segment I o.50 mm, II 1. 78 mm, III and 
IV missing. Pronotal length 1.00 mm, width at base 1.50 mm. Similar to males in color; 
setae on hemelytron appear more decumbent than semierect, lighter in color. 
Holotype: male, Mexico: 6 mi n Santa Anita, Baja California, September 11, 1967, 
J. Chemsak, A & M. Michelbacher collectors. Deposited in the collection of the California 
Academy of Sciences, San Francisco, California. Allotype: female, Mexico: 3 mis Miraflores, 
Baja California, September 11, 1967, J. Chemsak, A. & M. Michelbacher collectors. Deposited 
in the collection of the California Academy of Sciences. Paratypes: 4 males, 3 females, same 
data as holotype; male, female, same data as allotype. Deposited in the collection of the 
California Insect Survey, University of California, Berkeley, the H. H. Knight collection and 
the collection of the Department of Entomology, Texas A&M University, College Station, 
Texas. 
Lopidea murrayi new species (Fig. 10) 
This orange-and-black species is characterized by having two rows of long bristle-like 
setae on the enlarged base of the front femur. The vestiture of the hemelytra consists of both 
flattened and regular setae. The genital capsule of the male possesses a midventral brush-like 
tuft of black erect setae. It is very closely related to the following species, L. austrina, and 
the two forms are not readily separated by the form of the right paramere. 
Male (measurements are of holotype): Length 4.50 mm, width 1.52 mm. Head width 
1.00 mm, vertex width 0.46 mm; vertex carinate posteriorly some· .. hat depressed medially, 
with light-colored erect or semierect setae along eyes and inconspicuous short light decumbent 
hairs; remainder of head with short light semierect hairs; color pale orange with posterior 
portion of vertex and apical portion of clypeus light fuscous to fuscous. Antennae dark fus-
cous to black; length of segment I 0.62 mm, II 1.84 mm, cylindrical, III 1. 76 mm, IV 0.60 mm. 
Rostrum reaching apices of midcoxae; fuscous. Pronotum with lateral margins carinate; setae 
or hairs light, fine, decumbent; pronotal length 0.80 mm, width at base 1.18 mm; uniformly 
orange. Scutellum orange; setae light, fine and semierect. Hemelytron orange with area along 
claval commissure and continuing posteriorly onto inner margin of endocorium and most of 
cuneus fuscous to dark fuscous, membrane black; hairs flattened, decumbent and light in 
color, setae semierect, light in orange areas becoming dark fuscous or black in dark areas; 
cuneus less than twice as long as wide at base. Underside pale to orange, mesoternum and 
venter of genital capsule fuscous; coxae and trochanters pale, remainder of legs fuscous to 
black; front femur enlarged basally and with heavy bristle-like black setae on underside about 
3/4 of width of femur in length. Genital capsule with black brush-like tuft of erect setae 
midventrally; the major spicule of vesica straight. 
Female (measurements are of allotype): Length 5.24 mm, width 1.74 mm. Head width 
1.04 mm, vertex width 0.54 mm. Length of antenna! segment I 0.60 mm, II 1.90 mm, III 
1.68 mm, IV 0.52 mm. Pronotal length 0.88 mm, width at base 1.40 mm. Similar to male in 
color but with slightly more light-fuscous coloration on front coxae and underside of abdomen; 
similar in structure. 
Holotype: male, Mexico: Oaxaca, 12 mi w Zanatepec, July 18, 1973, Mastro & Schaffner. 
Deposited in the National Museum of Natural History, Washington, D.C. Allotype: female, 
same data as holotype. Deposited in the National Museum of Natural History. Paratypes;., 
21 males, 54 females, same data as holotypes; 2 males, Mexico: Oaxaca, 21 mi s MatiasRomero, 
July 2, 1964, A. G. Raske collector (CIS); 2 males, female, Puente Nacional, Ver. Mexico, 
June 21, 1962, D. H. Janzen collector (CIS); 4 males, Guatemala;Jutiapa, 1 mi sw El Progreso, 
June 13, 1972, R.R. and M. E. Murray; male, 2 females, Quetazltenango,"Guatemala, C.A., 
Junio-13-1966, Alberto Ortiz (ENA). Deposited in the collection of the California Insect 
Survey, Berkeley, California, in the collection of the Rama de Entomologia, Colegio de Post-
graduados, Escuela Nacional de Agricultura, Chapingo, Mexico, the H. H. Knight collection, 
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and in the collection of the Department of Entomology, Texas A&M University, College 
Station, Texas. 
Lopidea austrina new species 
This species is closely related to L . murrayi. It shares the character of having the base of 
the front femur enlarged and bearing two rows of long bristle-like setae. The parameres are 
quite similar. Lopidea austrina is slightly larger than L. murrayi, has less orange coloration, 
the vestiture is more erect and dense, and the cuneus is longer in relation to the width at the · 
base. The major spicule of the vesica is forked in this species, whereas that of L. murrayi is 
straight. 
Male (measurements are of holotype): Length 5.40 mm, width 1.58 mm. Head width 
1.02 mm, vertex width 0.44 mm; vertex carinate posteriorly, somewhat depressed medially, 
with light-colored or fuscous erect setae along eyes; remainder of head with short light semi-
erect hairs; color pale to light fuscous with medial area of vertex and neck, striolate markings 
on frons and apex of clypeus dark fuscous. Antenna black ; length of segment I 0.54 mm, II 
1.90 mm, cylindrical, III 1.78 mm, IV 0.62 mm. Rostrum reaching apices of midcoxae; dark 
fuscous. Pronotum with lateral margins carinate; setae semierect; pronotal length 0;80 mm, 
width at base 1.28 mm; color ranging from almost uniformly orange to orange on margins 
with calli and medial portion of disc light fuscous. Scutellum light fuscous; setae fuscous, 
semierect. Hemelytron orange to reddish orange with posterior 1/2 to 3/4 of clavus fuscous 
continuing onto endocorium and most of cuneus, membrane black; hairs flattened decumbent 
and light in color, setae semierect, light in color becoming dark fuscous or black in dark areas; 
·c_uneus twice as long as wide at base. Underside light orange, mesosternum and venter of 
genital capsule fuscous; coxae and trochanters with pale areas, remainder of legs fuscous to 
black; front femur enlarged basally and with heavy bristle-like black setae on underside 3/4 
of width of femur in length. Genital capsule with black brush-like tuft of erect setae mid-
ventrally; major spicule of vesica forked. 
Female (measurements are of allotype): Length 5.80 mm, width 1.78 mm. Head width 
1.02 mm, vertex width 0.54 mm. Length of antenna! segment I 0.64 mm, II 1.98 mm, III 
1.60 mm, IV 0.58 mm. Pronotal length 0.94 mm, width at base 1.40 mm. Similar to male in 
color but with more fuscous coloration on frons, coxae, and underside of abdomen; similar in 
structure. 
Holotype: male, Mexico: Oaxaca, 2 mi n C. Loxicha, July 15-16, 1973, Mastro & 
Schaffner. Deposited in the National Museum of Natural History, Washington, D.C. Allotype: 
female, same data as holotype. Deposited in the National Museum of Natural History. 
Paratypes: 7 males, 13 females, same data as holotype. Deposited in the H. H. Knight 
collection and in the collection of the Department of Entomology, Texas A&M University, 
College Station, Texas. 
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Figures 1-6. Parameres of males of six species of the genus Lopidea. 
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Figures 7-10. Parameres of males of four species of the genus Lopidea. 
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ATTITUDES OF PETROLEUM COMPANY EXECUTIVES AND 
COLLEGE STUDENTS TOWARD VARIOUS ASPECTS 
OF THE CURRENT "ENERGY CRISIS" 1 
Paul M. Muchinsky 2 
ABSTRACT. Attitudes of petroleum company executives differed considerably from attitudes 
of college students in regard to issues relating to the energy crisis. This study supplies some 
empirical support for the notion that the perceived "people in power" do not share the same 
attitudes as the general public regarding energy-crisis-related issues. College students seem-
ingly view the petroleum industry as being primarily responsible for the energy crisis, whereas 
petroleum company executives look toward the federal government as being responsible for 
the crisis. Attitudes Of college students toward the energy crisis were not found to differ as a 
function of the student's sex or car ownership. 
INTRODUCTION 
An area that recently has been receiving much coverage in the popular media has been 
labeled the "energy crisis." Television, radio, magazine, and newspaper accounts have report-
ed in detail the various political, social, and economic implications of the energy crisis, en-
lightening the general public to the saliency of this issue. Various polling agencies have 
conducted surveys assessing persons' attitudes toward the energy crisis as a function of the 
respondent's age, geographic location, urban or rural location, etc. While these surveys have 
reflected the attitudes of people affected by the energy crisis, none of the reported surveys 
have attempted to ascertain the attitudes of individuals who are in positions of power and 
authority in energy-producing industries. It is not known whether these individuals have 
attitudes which are quite disparate from the "common citizen," or whether there is general 
concordance among all people in regard to various aspects of the energy crisis. The degree of 
agreement in attitude between the perceived "people in power" and the "general public" is of 
particular significance since several surveys have reported that the general public perceives 
petroleum companies as abusing their positional power to exact increased company profits 
by passing on exorbitant prices to powerless and defenseless consumers. Such an attitude on 
the part of the general public has prompted some support for the notion that the petroleum 
industry should be formally regulated by the federal government. On the other hand, petrole-
um companies have sought to present the image that they are doing all they can to alleviate 
the energy crisis, and that as an industry they are enduring a period of difficulty as is the 
general public. This sentiment is reflected in the oft heard statement that "we (the petroleum 
industry and the general public) are all in this together." 
The purpose of this study was to ascertain the attitudes of petroleum company executives 
(the perceived "people in power") and a sample of college students toward various aspects of 
the energy crisis. Respondents were also asked to rank order in importance six major social 
1 This study was conducted in the Psychology 490C class (Seminar in Consumer Psychology) 
Spring, 1974. The author would like to acknowledge the following students for assisting in 
designing the questionnaire and collecting the data: Don Crawford, Marty Greder, Susan 
Herbers, Joan Healy, Lindsay Hurst, Fred Miller, Scott Rohlf, Carl Schaller, Michelle Stark, 
and Lyle Wedemeyer. 
2 Assistant Professor, Department of Psychology, Iowa State University, Ames, Iowa 50010. 
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problems currently facing the United States. The intent of the study was to determine whether 
petroleum company executives have attitudes toward various aspects of the energy crisis (as has 
been alleged in previous attitude surveys) that differ from those of individuals who are more 
representative of the typical consumer of petroleum products. 
PROCEDURE 
Subjects. 
Twenty-six members of the Independent Connecticut Petroleum Association constituted the 
sample of petroleum company executives surveyed in this study. Members of this associatic:)Il 
are responsible for distributing 83% of the fuel oil and 35% of the gasoline in the state of 
Connecticut. The members of this association are presidents, vice-presidents, and other top-
level executives in their own respective companies; their attitudes are assumed to be repre-
sentative of petroleum company executives in the greater New England area (personal com-
munication from the president of the Independent Connecticut Petroleum Association). The 
sample of college students surveyed in this study consisted of 328 undergraduate students at 
Iowa State University. This sample was split evenly on the basis of sex and whether the student 
operated a car on campus, resulting in a 2 x 2 design (male-car, female-car, male-no car, female-
no car), with each cell of the design containing 82 subjec~. 
Method. 
All subjects responded to the questionnaire shown in Table 1. The first part of the question-
naire consisted of 30 items relating to various aspects of the energy crisis. These 30 items 
Table 1. Energy crisis questionnaire 
I. Instructions. The following are 30 questionnaire items dealing with various aspects of 
the energy crisis. Please respond to each item by writing the number that best represents 
your reaction to the item, according to the following format. 
1 2 3 4 5 6 7 
strongly 
disagree 
disagree somewhat indif-
disagree ferent 
somewhat agree 
agree 
strongly 
agree 
1. Major oil companies are contributing to the energy crisis by withholding their supplies 
in order to reduce the competition from smaller companies. 
2. Major oil companies are contributing to the energy crisis by withholding their supplies 
in order to drive prices up and make a larger profit. 
3. The federal government's policies (taxation, importation, etc.) regarding the petroleum 
industry have been a significant contributor to the energy crisis. 
4. A lack of foresight on the part of government has contributed to the energy crisis. 
5. The energy crisis was inevitable due to the finite supply of natural resources. 
6. The petroleum industry could have averted the oil and gasoline shortage before it affected 
America. 
7. The energy crisis is primarily the result of manipulations and controls wielded by the 
people in power in government and industry. 
8. The energy crisis is primarily the result of a scarcity of the necessary raw materials. 
9. The energy crisis is primarily the result of wastefulness and overuse on the part of the 
average citizen. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
10. Governmental control of the petroleum industry is essential if the energy crisis is to be 
resolved. 
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11. The self-initiative of the general public will deter any serious shortages of fuel in the 
future. 
12. The advantages of uniform daylight savings time outweigh its disadvantages in regard to 
conserving energy. 
13. It is the primary responsibility of the oil companies to solve the oil shortage. 
14. Up to the present, business has done more than the average citizen to conserve energy. 
15. The construction rate of the Alaskan pipeline should be increased in order to help allevi-
ate the present shortage. 
16. Lifting the Arab oil embargo will end the fuel shortage. 
17. Increased technology is the primary solution to the energy crisis. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
18. I have had to change my personal lifestyle because of the energy shortage. 
19. The only bad effects I have felt personally from the energy crisis have been relatively 
minor and of little consequence to me. 
20. The individual consumer is being hurt by the fuel shortage more than big business. 
21. I am willing to reduce the use of my car and use other forms of transportation in order to 
reduce gasoline consumption. 
22. Individual attempts to reduce overall energy consumption are useless and I personally 
do not intend to make any concerted effort to conserve energy. 
23. Since business and industry consume most of the energy, the responsibility for conserv-
ing e:lergy should fall only upon them. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
24. The seriousness of the energy crisis has been magnified and exaggerated. 
25. The energy crisis is real, and the worst is yet to come. 
26. The true extent of the energy crisis is not known due to the deliberate withholding of 
information by the petroleum industry. 
27. The shortage of oil and gasoline in the United States is a hoax perpetrated by the govern-
ment. 
28. Unemployment will continue to rise in the future as a result of the energy shortage. 
29. The United States has a great probability of going into a depression because of the energy 
crisis. 
30. Gas rationing will be needed ultimately before there is an end to the energy shortage. 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
II. Instructions. Rank in order of importance the following seven problems facing the United 
States, giving a rank of "1" to the most important problem, down to a rank of"7" to the 
least important problem. 
__ Corruption in Government 
_ _ Crime 
__ Ecology 
__ Economics (inflation, unemployment) 
__ Energy Crisis 
__ International Affairs 
__ Other (specify) _______________ _ 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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represented four categories of response: (1) Causes of the Energy Crisis (items 1-9); (2) Solu-
tions to the Energy Crisis (items 10-17); (3) Personal Involvement (items 18-23); and (4) 
Present and Future Status of the Energy Crisis (items 24-30) . Subjects' responses to these 
items were segregated by use of a seven-point Likert format scale (1 =strongly disagree; 7= 
strongly agree). 
The second part of the questionnaire involved a rank ordering in importance of current 
social problems facing the United States. Six problems were listed, and the subjects were 
given the opportunity to specify a seventh problem. 
Subjects responded to the ques tionnaire within the period of March 26 to April 16, 1974. 
Data Analysis. 
A one-way analysis of variance was computed for the responses to the 30 questionnaire items 
for the petroleum company executives and the college students. The same analysis was per-
formed on the college-student sample, comparing the responses on the basis of sex, possession 
of car, and the combined effect of these two factors. 
A Spearman rank-order correlation (rho) was computed for the average ranks given to 
the social problems by the executives and the students. The same analysis was performed on 
the student sample, comparing the average ranks given to the social problems on the basis of 
sex, and possession of car. 
RESULTS 
Table 2 shows the means, standard deviations, and F(df = 1,354) values for the responses 
given to the 30 questionnaire items by the executives and the students. Significant (p < .05 or 
greater) differences were found for 13 of the 30 items. Table 3 shows the average ranks given 
to the social problems by the executives and the students. 
The analysis of variance for the responses of male us. female college students revealed 
significant F values (df = 1,326) on 6[items1 (p < .025 ), 2 (p < .025 ), 4 (p <.05), 16 (p <.01), 
17 (p < .025 ), and 29 (p < .01)] of the 30 questionnaire items. The Spearman rank-order 
correlation between the average means of the social problems between male us.- female college 
students was .943 (p < .005). 
Analysis of variance for responses of those students who operated a car on campus us. 
those students who had no car revealed significant F values ( df = 1,326) on 3 [items 3 (p <.025 ), 
19 (p < .025), and 24 (p < .025)] of the 30 questionnaire items. The Spearman rank-order 
correlation between the average means of the social problems between car us. no-car college 
students was .943 (p < .005). 
The analysis of variance for the responses of students based on both sex and possession 
of car revealed significant F values (df = 3,324) on 2 [items 4 (p < .025) and 16 (p < .025)] 
of the 30 questionnaire items. 
DISCUSSION 
The major finding of the study was the significant difference in attitudes of the executives 
and the students. Significant differences were obtained on four of the nine items relating to 
Causes of the Energy Crisis. The executives were not of the opinion that the energy crisis was 
due to a finite supply of natural resources, and did not believe that major oil companies are 
withholding their supplies in order to make larger profits, as the students believed. The other 
two statistically significant differences occurred for the items regarding the role of the federal 
government in the energy crisis. The executives agreed strongly with statements that the 
federal government's policies of taxation, importation, etc. and a lack of governmental fore-
sight contributed to the energy crisis. As can be seen in Table 2, the average ratings for these 
two items (items 3 and 4) were both above 6.00, and differed very significantly (p < .001) 
from the attitudes of students. There were substantial differences in the average ratings given 
to the remaining items in this category, but these differences did not reach statistical signifi-
cance primarily due to the large variability in the ratings. However, these (non-significant) 
differences appear to be logically consistent with those items whose ratings were significantly 
different. 
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Table 2. Standard Deviations, and F Values for 30 questionnaire items rated by petroleum 
company executives and college students 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Petroleum Co. Executives 
(n = 26) 
4.69 
4.85 
6.15 
6.23 
3.73 
4.50 
5.35 
3.77 
4.50 
S.D. 
2.07 
1.87 
1.46 
1.45 
2.23 
2.31 
1.75 
2.28 
1.95 
College Students 
(n = 328) 
5.04 
5.44 
4.72 
5.30 
4.43 
4.70 
4.89 
4.02 
4.70 
S.D. 
1.32 
1.19 
1.33 
1.37 
1.85 
1.51 
1.51 
1.71 
1.55 
E_ 
1.49 
5.38** 
27.25**** 
11.02**** 
3.32* 
.40 
2.16 
.49 
.36 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
2.92 
3.69 
4.19 
4.27 
3.77 
6.46 
2.42 
5.31 
2.13 
1.98 
2.17 
2.46 
2.10 
.74 
1.60 
1.75 
4.16 
3.69 
3.77 
3.49 
3.40 
4.02 
3.32 
4.90 
1.61 
1.54 
1.66 
1.63 
1.49 
1.59 
3.00 
1.76 
13.38**** 
.00 
1.49 
5.05** 
1.37 
59.95**** 
2.28 
1.31 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
18. 
19. 
20. 
21. 
22. 
23. 
5.12 
4.08 
4.08 
4.85 
1.54 
2.00 
1.60 
2.16 
2.15 
1.90 
.84 
1.36 
3.96 
5.21 
4.80 
5.37 
2.57 
3.08 
3.07 
1.68 
3.44 
2.82 
3.49 
1.67 
3.61 * 
10.35*** 
1.11 
.86 
2.23 
10.20*** 
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
4.04 
4.31 
3.96 
1.92 
4.00 
3.46 
3.04 
* = p < .05 
** = p < .025 
*** = p < .005 
**** = p < .001 
2.16 
1.64 
2.16 
1.03 
1.84 
1.74 
1.63 
4.18 
4.28 
4.94 
3.21 
4.57 
3.69 
3.46 
1.73 
1.63 
1.37 
1.56 
1.28 
1.41 
1.55 
.15 
.01 
10.87**** 
17.09**** 
4.54* 
.62 
1.74 
In the category, Solutions to the Energy Crisis, significant differences were found for 
three of the eight items. The major significant differences occurred for the items involving 
governmental control of the petroleum industry and the construction rate of the Alaskan 
pipeline. The executives disagreed markedly with the statement that governmentaf control of 
the petroleum industry is essential if the energy crisis is to be resolved. The executives also 
strongly agreed (average rating of 6.46) with the idea of increasing the construction rate of 
the Alaskan pipeline in order to help alleviate the present shortage of oil. Of all items in the 
questionnaire, the greatest disagreement between executives and students occurred for this 
item, resulting in the largest obtained F value, 59.95 (p < .001). 
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Table 3. Average importance ranks assigned to six social problems by petroleum company 
executives and college students 
Petroleum Co. Executives College Students 
Rank Average Rank Rank Average Rank 
Economics 1 2.08 1 2.70 
Corruption in Government 2 2.69 2 2.75 
Energy Crisis 3 3.42 3 3.65 
Crime 4 4.08 5 4.08 
International Affairs 5 4.28 6 4.71 
Ecology 6 5.19 4 3.81 
rho = .828 (p < .05) 
In the category of Personal Involvement, significant differences were found for three of 
the six items. The executives felt they had to change their personal lifestyles as a result of 
the energy crisis more than did the students. The latter expressed the opinio:p. that they had 
been hurt less by the energy crisis than did the executives. There was also substantial dis-
agreement between the two rating groups involving the issue of who has the responsibility for 
conserving energy, with petroleum company executives disagreeing with the statement that 
business and industry should be solely responsible for conserving energy. 
In the category, Present and Future Status of the Energy Crisis, significant differences 
were found for three of the seven items. The major significant finding involved the statement 
that the petroleum industry was deliberately withholding information regarding the extent of 
the energy crisis. The petroleum company executives tended to disagree with this statement, 
while the college students tended to agree with it. The other major finding of note was the 
statement that the shortage of oil and gasoline is a hoax perpetrated by the government. The 
executives strongly disagreed with this statement, while the students only mildly disagreed 
with it. 
The second part of the questionnaire involved a rank ordering of current social problems 
facing the United States. The Spearman rank order correlation between the average ranks 
given to these problems by the two rating groups was .848 (p < .05), indicating a substantial 
amount of agreement between students and executives regarding the importance of these 
problems. Both groups ranked economics, corruption in government, and the energy crisis as 
1. 2, and 3 respectively in importance. The major difference between the two sets of rankings 
involved the problem of ecology, with students ranking it fourth in importance (average rank 
of 3.81), while the executives ranked ecology sixth or last in importance (average rank of 
5.19). This difference in average ranks between the two groups for the importance of ecologv 
was statistically significant (F = 16.64, p < .001). This finding is most consistent with the 
item that evoked the greatest difference in attitude between students and executives, namely 
that item dealing with the construction rate of the Alaskan pipeline-an ecology-related issue. 
The problem of ecology seems to be of some concern to college students (being rated more 
important than the problems of crime or international affairs) , while for the executives, it 
seems to have little importance. 
In taking a broad overview of the results of the study comparing the attitudes of college 
students and petroleum company executives, several significant findings emerge. First, the 
suggestion from prior attitude surveys on the energy crisis regarding the alleged differences in 
attitude between the perceived "people in power" and the general consumer were borne out in 
this study. Strong differences in attitude were found for all four categories examined in the 
study, with many of the differences being highly significant (p < .001). Thus, it does appear 
that for certain aspects of the energy crisis, the attitudes of petroleum company executives 
are quite disparate from those of college students. Whether this finding can be replicated 
with college students in other geographic locations or with segments of society other than 
college students remains to be examined. However, the findings of this study are too com-
pelling to be dismissed as due simply to chance fluctuations in the data. 
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Secondly, college students seem prone to view the petroleum industry as being primarily 
responsible for the energy crisis. The petroleum industry, on the other hand, seems to look 
toward the federal government as being primarily responsible for the energy crisis, as the 
federal government is perceived as "handcuffing" the petroleum industry through legislation 
affecting the taxation, pricing, and importation of gasoline and oil. A common locus of 
"blame" for the energy crisis across all groups is not identified, although each group does 
seem to have strong (and differing) opinions as to who is responsible for the present shortage. 
Though the process of affixing blame to any person or group is rarely productive in resolving 
any conflict, it seems that no one group is commonly perceived as the guilty party. 
Thirdly, two intriguing aspects to the data are manifested in the statistical analysis 
(Table 2). One involves the range of average ratings given to the questionnaire items by the 
college students and petroleum company executives. Average ratings of the executives ranged 
from a high of 6.46 (item 15) to a low of 1.54 (item 22), a range of 4.92. Average ratings of 
the students ranged from a high of 5.44 (item 2) to a low of 2.57 (item 23), a range of 2.87. 
There are two explanations for this marked difference in the range of average ratings. One is 
purely statistical: the two samples differed markedly in size. Average ratings tend to be at-
tenuated by a larger sample size, so one would expect a smaller range based on statistical 
grounds for the college students (n = 328) compared to the petroleum company executives 
(n = 26). The second explanation involves the nature of the items presented in the question-
naire. The petroleum company executives are ostensibly very knowledgeable of the issues 
addressed in the questionnaire. It is thus quite plausible that they would develop very 
polarized attitudes (strongly agree; strongly disagree) to certain items. The college students, 
on the other hand, not being as knowledgeable of such issues as governmental legislation, 
would tend to use the middle ranges of the scale (somewhat agree; indifferent; somewhat 
disagree). 
The second interesting statistical aspect of the data is the amount of variability in the 
ratings for the executives. For some items (as items 15 and 22) the variability in the ratings 
was very small. On the basis of such items one is tempted to conclude that the executives as 
a group have common perceptions and attitudes regarding energy-crisis-related issues.. How-
ever, such is not true. The standard deviation of 12 of the 30 questionnaire items for the 
executives was over 2.00. This indicates that even the commonly perceived "people in 
power" do not agree amongst themselves as to the causes, solutions, and future status of the 
energy crisis. 
By and large, the students in the sample had similar attitudes toward the energy crisis. 
Male and female students differed on 6 of the 30 questionnaire items, with the male students 
agreeing more with the statements that the oil companies were contributing to the energy crisis 
by trying to reduce competition and make large profits. Male and female students were in 
very high agreement regarding the importance of the six social problems (rho = .943; p < .005 ). 
Students who operated cars on campus differed in attitude from those students who did 
not operate a car on only 3 of the 30 questionnaire items. This finding was somewhat sur-
prising, since it was hypothesized that students who operated cars would manifest different 
attitudes from those of students who did not operate cars in the category of Personal Involve-
ment. Again, these two types of students were in very high agreement regarding the impor-
tance of the six social problems (rho= .943; p < .005). 
Analysis of variance for responses of students, based on both sex and car, revealed no 
more significant differences than would be expected by chance. In short, it appears that 
differences among college students, based upon sex and possession of a car, did not systemati-
cally affect their attitudes toward the energy crisis, and did not affect their attitudes regarding 
the importance of the six social problems. 
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INTERDISCIPLINARY RESEARCH TO DEVELOP 
INTEGRATED, PLANT-PEST MANAGEMENT SYSTEMS1 
INTRODUCTORY REMARKS 
J. Artie Browning2 
I have had the privilege to chair a very hardworking committee, which developed the pro-
gram for this symposiwn. The results of the committee's work read with a flow and a unity that 
suggest the work primarily of one man instead of a group. Working with this diverse group of 
agricultural scientists has been a most rewarding experience. Just the interchange of ideas and 
concepts and arguing over definitions and jargon as our several disciplines wrestled with this 
broad subject have more than justified the time spent in deliberation. 
The catching thing about the subject is the urgency many people attach to it. They have not 
forgotten the southern corn leaf blight pandemic of 1970, which gave belated birth to the concept 
of genetic vulnerability, contributions to the concept being derived from such major precursors as 
late blight of potatoes in Ireland in 1845 and in Germany in 1914; coffee rust in Ceylon and now 
in South America; recurring pandemics on wheat and especially on oats in the 1940's, chestnut 
blight, and Dutch elm disease. All of these had one thing in common - genetic homogeneity in 
the absence of horizontal resistance. The award in 1970 of the Nobel Peace Prize to Dr. Norman 
Borlaug emphasized how important food is to world peace; in the same year Helminthosporium 
maydis race T emphasized how vulnerable are some crops on which much of the world depends. 
These pandemics are history, but people who don't study history are destined to relive it. In 
a very real sense we are reliving it. Examples are the rate at which disease problems have in-
tensified on corn and soybeans at home, and on the so-called "Green Revolution" wheats and 
rices abroad. This rate of worsening of disease problems, especially on corn and rice, formerly 
considered "safe" from disease, is alarming. Furthermore, some of us see no reason to believe that 
this trend will reverse unless and until we reappraise the situation and change our approach to 
husbanding our major crops. 
A hungry world cries out not just for food , but for food from stable, dependable sources. Ac-
cording to Mr. A H. Boerma, Director General of F AO, if the world's population is to ·be fed for 
the remainder of this century, total food production must double every 18 years. To do this, we 
are using more land, thereby destroying gene pools needed as safeguards. At the same time, 
highly productive cultivars keep narrowing the genetic base; the more successful our efforts 
prove, the greater the danger of a major collapse. 
The major goal of this symposiwn is finding a way to lessen the danger of a major collapse in 
Iowa crops. Our reappraisal should consider not just pathogens and the diseases they cause, but, 
rather, instability caused by all pests - weeds, insects, and pathogens. Nor should one crop be 
considered alone. For instance, the practice of rotating 3 years of corn and 1 of soybeans controls 
brown stem rot of soybean. But what is the effect of corn pathogens on other soybean diseases? 
On insect or weed pests or both? 
1A symposium consisting of eleven meetings, beginning on December 4, 1973, ending on 
February 26, 1974, and sponsored by the Iowa Agriculture and Home Economics Experiment 
Station, Iowa State University, Ames, Iowa 50010. 
2Chairman, Symposium Planning Committee; Professor of Plant Pathology, Department of 
Botany and Plant Pathology, Iowa State University, Ames, Iowa 50010. 
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Thus, my hope for this symposium is that reappraisal will lead to discussions and that dis-
cussions will lead to interdisciplinary research, which, in turn, will point to the development of 
superior cultivars of corn, soybeans, and possibly an alternate crop that, managed wisely in a 
superior cultural package, will carry most of the work load of pest control. Use of narrow-
spectrum, ecologically safe pesticides will belong among the cultural practices in our repertoire. 
But management of resistance genes, crop rotation, fertility control, and other cultural practices 
should minimize their need, and forecasting should avoid wasteful applications and unneeded 
peril to the environment. 
Most of us have the degree, "doctor of philosophy." A hungry world demands that we stop 
being just plant technicians, concerned primarily with releasing one more cul ti var or testing one 
more pesticide, always seeking an unattainable level of pest control, and that we start being 
philosophers who search for the truth of growing plants and producing food in stable, dependable 
agroecosystems for the good not only of Iowa but of the whole world. 
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INTRODUCTORY REMARKS 
John B. Mahlstede3 
During the past 4 years, staff in the Agriculture and Home Economics Experiment Station 
have joined with their colleagues from the campuses of other institutions, from federal agencies, 
and from agribusiness to participate in seminars in various subject matter areas having 
relevance to the planning of long-range research. Each seminar has resulted in the preparation, 
presentation, and publication of many scholarly works reflecting the kind of visionary leadership 
that has characterized the staff of this institution. The seminars and symposiums also have 
served other important objectives of the type espoused by the planning committee, who have de-
veloped this symposium. I would underscore two of those purposes in particular; namely, (1) to 
review the concepts underlying the integrated management approach to plant-pest problems and 
the role of various specific techniques in pest-management systems, and (2) to develop the basis 
for interdisciplinary research at this institution on integrated, pest-management systems rele-
vant to Iowa agroecosystems. 
The Council on Environmental Quality, in guidelines published during the summer of 1973, 
noted that agencies must "view their (proposed) actions in a manner calculated to encourage pro-
ductive and enjoyable harmony between man and his environment; to promote efforts preventing 
3Associate Director, Iowa Agriculture and Home Economics Experiment Station, Iowa State 
University, Ames, Iowa 50010. 
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or eliminating damage to the environment and biosphere, and stimulating the health and 
welfare of man; and to enrich the understanding of the ecological systems and natural resources 
important to the nation." The Council further recommended, as foremost in our planning, 
thorough and objective consideration of alternative actions that might avoid or minimize the ad-
verse impacts of new projects to man, his physical and social surroundings, and to nature. 
As those federal regulations that moderate or eliminate the use of previously unrestricted 
technologies are developed and implemented, those of us engaged in agriculture will be faced 
with making alternative choices - some economic, others less tangible. In a few instances, 
highly susceptible cultivars, maintained only by frequent application of pesticides, may be 
eliminated from our inventories. Less effective, short-run methods for controlling pests may have 
to be used. Whatever the specific outcome of these new trends, the nature and enormity of the 
problems facing us demand that all segments of society address the problems objectively and 
openly. The question is not, should we, but rather, HOW do we reach the desirable, but elusive, 
goal of a "productive and enjoyable harmony between production agriculture and the environ-
ment?" 
The Green Revolution and the application of the basic principles of genetic engineering to 
produce varieties that form an integrated system with their environment have demonstrated the 
importance of technology in helping to alleviate, perhaps temporarily, one of the world's most 
pressing problems. But as man has accumulated knowledge about the growth and development 
of plants and applied it in the field, the science underlying today's agricultural technology has 
become increasingly complex and subdivided into new fields of knowledge of scientific dis-
ciplines. This specialization has tended to narrow our focus and has resulted in the development 
of many new subsciences often encumbered by the intricacies of processes to the point that a 
vision of the totality of man's interaction with plants often is lacking, for scientist and layman 
alike. Because nature is not, after all, divided into academic departments, the challenge for us is 
to bring together these bits and pieces and to reconstruct a focus on the interacting whole -
looking not only at the nucleus, the enzyme, the taxon, or at space and the continents. We must 
focus again on the totality, the overall view of the total environment and the plant and the 
farmer. 
Improved crop and ornamental cultivars, while in part the result of varietal improvement, 
are also the product of the concurrent improvement of the production environment, which in-
volves the whole management system from planting through harvest. Pressures on production in 
the immediate future will lead to increased plant densities, closer-spaced rows, and more 
elaborate equipment to harvest large acreages of crops with uniform characteristics. But the out-
break of potato blight in Ireland during the 1840's, Dutch elm disease in the 1940's, and, more re-
cently, the rapid spread of southern corn leaf blight through the productive heartland of this 
country vividly underscore a basic ecological concept that uniformity breeds instability. The nar-
rowness of the genetic base of nearly all our major crops makes them vulnerable to attack from 
pests. This, combined with recent cropping patterns characterized by large contiguous acreages 
of a few crops, means that agriculturists can no longer depend on one resistance gene, one 
pesticide, or one cultural practice to stem the wildfire spread of pests. The long-term stability 
and protection of our crops depend upon the judicious combination of various pest-control tech-
niques, including the incorporation of new germ plasm available through induced mutations or 
natural variation. 
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NATURAL REGULATION OF CROP PESTS IN THEIR 
INDIGENOUS ECOSYSTEMS AND IN IOWA 
AGROECOSYSTEMS: BIOREGULATION OF ECONOMIC 
INSECT PESTS1 
L. C. Lewis2 
ABSTRACT. Parasitic insects, predatory insects, and other animals and pathogens instrumental 
in suppressing insect pests in the Iowa agroecosystem are discussed. 
INTRODUCTION 
Insects have inhabited the earth for millions of years during which time they have evolved 
methods of rapid reproduction and adaptation to existing environments. Whenever a farmer 
made an agronomic or cultural change in his cropping system, insect pests were, and still are, 
able to adapt to the new system and remain as crop pests. Because of this unique characteristic 
of insects, farmers have spent a large part of their time and money controlling insect pests. 
In early insect control man had to rely on the natural enemies of insects, such as insect 
parasites, predators, and pathogens. Thus, biological control - that is, the control of a pest or-
ganism by another existing organism - has been with us for some time. 
The importance of natural or biological control is emphasized when one considers that near-
ly 50% of the major economic pests in this country are imported. Several of them were not 
economically important in their native country; but, when removed from their natural habitats 
containing predators, parasites, and pathogens, they became economic pests. 
An agroecosystem has a relationship between the crop being grown (producer), insects feed-
ing on the crop (herbivores), and organisms feeding on the insects (carnivores). These rela-
tionships are best illustrated by the diagram in Figure 1. 
In reference to biological control, carnivores can be divided into the following groups: 
I. Predators 
1. Birds and other vertebrates 
2. Insects 
II. Parasitic insects 
III. Pathogens 
1. Bacteria 
2. Fungi 
3. Protozoa 
4. Viruses 
1Journal Paper No. J-7935 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project No. 1923 
2Research Entomologist, USDA, and Assistant Professor, Department of Entomology, Iowa State 
University, Ames, Iowa 50010. 
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Fig. 1: Trophic diagram of a general agroecosystem. 
Figure 2 is an expansion of Figure 1 in which Zea mays (field corn) is used as the crop and 
Ostrinia nubilalis (European corn borer) as the herbivore. 
Corn is the primary host of the corn borer although there are 223 alternate hosts3 on which 
this insect can become established and possibly develop to maturity. 
The carnivores listed in Figure 2 are those known to be active against the corn borer in 
Iowa. A trophic diagram such as this could be constructed for most economic insects on most 
crops. 
In this manuscript I will, in general, discuss the biological control organisms known to be ac-
tive against insects of economic importance to the Iowa agricultural industry. 
PREDATORS 
Insects are a main ingredient in the diets of several birds, rodents, amphibians, and reptiles 
(Sweetman, 1958). Frye (1972a) showed that in North Dakota avian predation greatly reduced 
the overwintering population of the European corn borer, with the downy woodpecker being the 
most common. Wall and Whitcomb (1964) also reported that the downy woodpecker was the most 
important avian predator of the corn borer in Arkansas. Baker, Bradley, and Clark (1949) listed 
the following birds known to feed on European corn borers: downy woodpecker, robin, crow, rusty 
blackbird, red-winged blackbird, purple grackle, chickadee, ring-necked pheasant, and starling. 
These same birds feed on insects other than the corn borer. Regardless of what insects these 
birds consume, determination of the extent to which they reduce an insect population is extreme-
ly difficult. 
3G. L. Reed, Corn Borer Laboratory, USDA, Ankeny, Iowa 50021. 
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Fig. 2: Trophic diagram with corn as the crop and the European corn borer as the insect in an 
Iowa agroecosystem. 
Predatory insects are carnivorous, both as immatures and as adults (Van den Bosch and 
Messenger, 1973). This is one of the striking differences (to be discussed later) between the pre-
datory insect and the parasitic insect. Predatory insects are divided into two groups according to 
feeding habits- (1) insects with chewing mouthparts, such as Coccinellidae (lady beetles); and 
(2) insects with piercing-sucking mouthparts, such as green lacewing larvae (Chrysopidae). 
Predators occur in several orders of insects, such as Odonata, Neuroptera, Diptera, Hymenoptera, 
and Hemiptera; but the Order Coleoptera probably has more predatory species than all other or-
ders. The families Carabidae (ground beetles) and Coccinellidae contain essentially all pre-
dacious species (Borror and DeLong, 1964). 
Insect predators usually consume more than one insect during their lifespan and their diet 
may consist of several different orders of prey or may be rather specific; e.g., Rodolia cardinalis 
feeds only on lcerya purchasi, the cottony-cushion scale and its close relatives (Van den Bosch 
and Messenger, 1973). Only a minor amount of research has been reported on predators of in-
sects considered to be of economic importance in an Iowa agroecosystem. This work is with the 
European corn borer. 
Sparks, Chiang, Burkhardt, Fairchild, and Weekman (1966) reported that the primary 
predators of the European corn borer in the north central United States were the following eight 
species of Coccinellidae - Coleomegilla maculata, Hippodamia convergens, H. 13-punctata, H. 
parenthesis, Coccinella 9-novemnotata, Coccinella trifasciata, Cycloneda sanguinea, and Adalia 
bipunctata; a chrysopid, Chrysopa carnea; a syrphid, Sphaerophoria cylindrica; an anthocorid, 
Orius insidiosus; mites; and possibly some ground beetles. 
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After several years of research, these authors concluded that the predators listed above do 
influence populations of the corn borer but can't be depended on to help manipulate a population 
at a given location in any one year. Also, they felt that the value of the predators is over-
shadowed by other biotic and environmental factors. 
Frye (1972b) reported a substantial reduction of corn borers by insect predators under caged 
conditions in North Dakota. Lady beetles were the most numerous predators, but some 
specimens of Chrysopidae and Orius insidiosus were also present. Although data are not readily 
available in the literature, the possibility that some of the forementioned predators are active 
against other important economic insects is real, especially Coccinellidae against the corn leaf 
aphid, Rhopalosiphum maidis. 
Evaluation of the effect of predators on a specific insect population is difficult, primarily 
because the predator insects are a mobile group. Doutt and DeBach (1964) discussed the relative 
value of predators versus parasites as control agents. These authors pointed out that although 
evaluation of these organisms is extremely difficult it is becoming more and more apparent that 
insect predators and parasites are instrumental in reducing natural populations of pest insects. 
PARASITES 
Parasitic insects (parasitoids ) differ from the true parasite in that in most instances they kill 
their host. Most parasitic insects belong to the orders Hymenoptera and Diptera and are pro-
telean parasitic insects - the immature stage being the parasite (Askew, 1971 ). 
Some of the economically important insects of Iowa with known parasites are listed below. 
Green cloverworm, Plathypena scabra. Lentz (1973) conducted a study in which he collected 
green-cloverworm larvae from Iowa alfalfa and soybean fields to determine the species of insects 
parasitizing this economic pest of soybeans. He found the following species: Winthemia sinuata, 
Apanteles marginiuentris, A. flauichonchae, Protomicroplitis f acetosa, Rogas nolophanae, Blon-
delia hyphantriae, Oswaldia assimilis, Lespesia archippiuora, Meteorus hyphantriae, and 
Sinophorus ualidus. Rogas nolophanae was the most abundant parasite (17.8%), and the total 
parasitism for a 2-year period by the 9 species listed was 31.8%. 
Corn-rootworm complex. Celatoria diabroticae, a tachinid, is a specific parasite of Diabrotica 
adults (Clausen, 1940). This is the only reported parasite of the rootworms. 
Painted lady, Cynthia cardui. Schaffner (1953) reported collecting Archaetoneura (=Lespesia) 
archippiuora (Tachinidae) and Ichneumon rufiuentris (= Thyrateles lugubrator) (Ichneumonidae) 
from painted lady. 
Armyworm, Pseudaletia unipuncta. Winthemia quadripustulata is reported as a common 
parasite of the armyworm (Schaffner, 1953). A braconid, Apanteles militaris, has been instru-
mental in suppressing seasonal outbreaks in Iowa the past several years.4 
Alfalfa weevil, Hypera postica. The following species of parasites have been released in 
Maryland, or New Jersey or both, where the alfalfa weevil has been a serious pest: Bathyplectes 
curculionis, B. contracta, B. anurus, Tetrastichus incertus, Microctonus aethiops, Dibrachoides 
druso, and Peridesmia discus, (Blickenstaff, Huggans, and Schroder, 1972). Bathyplectes 
curculionis is widespread in Illinois (Armburst, Banerjee, and White, 1967). The alfalfa weevil 
has recently entered Iowa and Bathyplectes curculionis has been found parasitizing this economic 
pest in the southern part of the state (DeWitt, 1974). 
Corn borer, Ostrinia nubilalis. Several parasitic insects have been introduced into the 
United States to control the European corn borer (Baker et al., 1949). Introduction and establish-
ment of parasites of the corn borer in Iowa were discussed by Blickenstaff, Arbuthnot, and 
Harris, 1953. Nine species of exotic parasites have been released in Iowa. Presently, Eriborus 
terebrans (=Horogenes punctorius), Macrocentrus grandii, and Sympiesis uiridula are the only 
three species recovered with any frequency. These three species have parasitized up to 30% of 
the borer population in isolated areas during certain years. 
From this brief discussion it is evident that several insect predators and parasites are ac-
tively assisting in the supression of pest insects in Iowa. 
4C. C. Beegle, Department of Entomology, Iowa State University, Ames, Iowa 50010. 
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PATHOGENS 
Insect pathogens are those microorganisms capable of producing disease under normal con-
ditions of host resistance and that rarely live in close association with the host without produc-
ing disease (Steinhaus and Martignoni, 1970). Bacteria, fungi, protozoa, and viruses are the four 
groups of microbes that compose the majority of insect pathogens active in an Iowa 
agroecosystem. 
Bacteria. In general, insects suffering from bacterial disease exhibit a lack of mobility, a 
diminished appetite, and rectal and oral discharge. The infecting bacterium eventually invades 
the body cavity of the insect, and infection ends in septicemia. After death, the body (especially of 
larvae) darkens rapidly to a brown or black (Steinhaus, 1949). Hundreds of species of bacteria 
have been reported from insects, but in this review only those that frequently cause insect 
diseases will be discussed. 
Bacillus thuringiensis was isolated from the Mediterranean flour moth, Anagasta kuhniella, 
in 1915 (Berliner, 1915). Bacillus thuringiesis is an aerobic, spore-forming bacterium that differs 
from Bacillus cereus in that it produces a protein crystal ( 8 -endotoxin) at sporulation, which is 
toxic to several species of Lepidoptera. Generally, the crystal causes gut paralysis and 
breakdown of the gut wall and basement membrane, which allows the vegetative rods to pass in-
to the hemocoel and results in a septicemia (Heimpel, 1967). 
Angus (1968) lists several economically important Lepidoptera that are susceptible to 
Bacillus thuringiensis. Included in that list are the following insects common in Iowa: alfalfa 
caterpillar, Golias eurytheme; saltmarsh caterpillar, Estigmene acrea; imported cabbageworm, 
Pieris rapae; bagworm, Thyridopteryx ephemeraeformis; cabbage looper, Trichoplusia ni; walnut 
caterpillar, Datana integerrima; corn earworm; fall webworm, Hyphantria cunea; green 
cloverworm; western yellow-striped armyworm, Spodoptera praefica; and European corn borer. 
Although Bacillus thuringiensis can be readily isolated from field-collected insects, this bac-
terium seldom propagates itself in nature to produce an epizootic. Therefore, it has to be applied 
as a plant protection agent. Work by Raun (1963) showed that commercial granular formulations 
of Bacillus thuringiensis gave satisfactory control of the first generation European corn borer. 
More recently, McWhorter, Berry, and Lewis (1972) found that two varieties of Bacillus thur-
ingiensis, var. kurstaki and var. thuringiensis, were as effective as DDT or diazinon for corn borer 
control. Beegle et al. (1973) reported that Bacillus thuringiensis (Dipel®) gave control of the 
green cloverworm on soybean equal to that of several insecticides. 
In the last several years many strains, varieties, or both of Bacillus thuringiensis have been 
isolated that produce larger quantities of 8-endotoxin (Dulmage, 1970). These different varieties 
have been identified and classified according to serotype CDeBarjac and Lemille, 1970; DeBarjac 
and Bonnefoi, 1973). Recently, Dulmage and DeBarjac (1973) reported the isolation of a new 
strain of Bacillus thuringiensis (HD-187) that produced higher yields of 8-endotoxin than pre-
viously reported for Bacillus thuringiensis isolates. This new material has not been widely 
available for field testing. 
With several commercial firms producing Bacillus thuringiensis products of various strains 
and using slightly different fermentation procedures, the necessity arose for an International 
Standard that could be used to establish the relative potency of these materials. Burges (1967) 
reported as follows on the development of an International Standard: Briefly, all isolates of 
Bacillus thuringiensis are assayed against the International Standard isolate E61 . The insec-
ticidal activity of the test material relative to the standard material is given in International 
Units (IU); E61 is arbitrarily designated as having 1000 IU/mg of material. Dulmage et al. (1971) 
proposed a standard bioassay to determine the IU of different Bacillus thuringiensis isolates. 
Dulmage et al. (1971) demonstrated that, depending on the fermentation medium used, the 
potency of the 8-endotoxin would vary greatly; e.g., Culture No. HD-73 had IU's/mg of 8,600, 
23,000, and 32,000 when fermented in three different media. A new isolate of Bacillus thur-
ingiensis, HD-187, has resulted in as much as 200 x 103 IU/mg, again depending on the fermenta-
tion media (Dulmage and DeBarjac, 1973). 
With the tremendous amount of research being done to develop Bacillus thuringiensis 
strains with greater potencies, the future of this organism for applied insect control is good. One 
major problem that still needs extensive research is formulation of commercial preparations. 
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Other bacteria have been isolated from Iowa corn insects, but their effect on insect popula-
tions is unknown. It is expected that several are secondary or facultative pathogens (Raun and 
Brooks, 1963). Therefore, commercial production of these bacteria for applied use is remote. 
Fungi. There are insect pathogens in all four major taxonomic groups of fungi (excluding 
slime molds). Entomophthora, Beauveria, Metarrhizium, and Aspergillus are the genera most 
often found in nature (Roberts and Yendol, 1971). The first three genera mentioned plus 
Coelomomyces, Paecilomyces, and Spicaria are most often used in microbial control experiments 
(Yendol and Roberts, 1970). In general, the fungi cause infection when the conidia germinate on 
the cuticle of the insect or form appressoria and then invade the insect body. Enzymes and 
physical forces are used to accomplish the invasion. Steinhaus and Tanada (1971) gave an ade-
quate review of the fungi attacking the integument of insects and discussed the mode of action. 
In Iowa, Beauveria bassiana and Metarrhizium anisopliae are the two fungi most frequently 
found on economic pests. As with Bacillus thuringiensis, fungi normally do not produce epizootics 
in Iowa. Exceptions to this would be the occasional reduction of grasshopper populations by 
Entomophthora grylli and of the green cloverworm by Beauveria bassiana. 4 
Several lepidopteran larvae are susceptible to Beauveria bassiana and Metarrhizium 
anisopliae. Brooks and Raun (1965) isolated several different fungi from cadavers of the follow-
ing corn insects in Iowa: Ostrinia nubilalis, Diabrotica undecimpunctata howardi, Glischrochilus 
quadrisignatus quadrisignatus, Agrotis ipsilon, Diabrotica longicornis, Phyllophaga sp, Heliothis 
zea, and Arctiidae. They concluded that Beauveria bassiana, Metarrhizium anisopliae, Aspergillus 
parasiticus, and Fusarium neoceras were sufficiently abundant and pathogenic to cause some 
natural reduction of corn insect populations. However, only Beauveria bassiana and 
Metarrhizium anisopliae possessed sufficient pathogenicity to warrant use as a microbial insec-
ticide (Brooks, 1962). 
York (1958) reported larval reduction as high as 91 % for first-generation corn borer when 
Beauveria sp. were applied to infested corn with dry cornmeal as a carrier. Smith (1961) applied 
Beauveria bassiana and Metarrhizium anisopliae as spray and granular formulations. Satisfac-
tory to moderately effective control was obtained with these two organisms. 
Spicaria rileyi is reported from the green cloverworm in Indiana (Charles, 1941 ) and from 
the cabbage looper in Texas, (Getzin, 1961). 
Several authors have expressed concern about the possible pathogenic effects of fungi on 
vertebrates. Allergenic reactions from the inhalation of Beauveria bassiana spores have been re-
ported by Yendol and Roberts (1970) and York (1958). If such is indeed the case, fungi generally 
could not be used in insect control programs. 
Protozoa. Protozoa found infecting phytophagous insects in Iowa are predominatly in the 
order Microsporida. A substantial list of the pathogenic microsporida was presented by 
Thompson (1960). For indepth reviews of the protozoa pathogenic to insects, one should consult 
the following: Tanada, 1959; Hall, 1963; Wieser, 1963; McLaughlin, 1971. 
Pathogenic protozoa differ from bacteria and fungi in that they generally do not cause the 
immediate death of the host insect. A microsporidan infection is generally chronic, an exception 
being Nosema whitei in Tribolium castaneum (Milner, 1972). Microsporida normally exert their 
effect on the host insect in combination with other factors such as host plant resistance or a sud-
den change in the environment (e.g., temperature, humidity, or rainfall). 
Nosema pyrausta, a microsporidan of the European corn borer has been studied quite ex-
tensively, Zimmack and Brindley (1957) and Kramer (1959) found that this protozoan shortens 
the adult life of the corn borer and reduces the fecundity of the female adult. Lewis, Lynch, and 
Guthrie (1971) confirmed the reduced fecundity in laboratory studies by using fumagillin as a 
protozoan-static compound. 
Laboratory reared larvae of the corn borer infected with Nosema pyrausta have a greater 
oxygen uptake per mg of insect weight than Nosema-free insects (Lewis, Mutchmor, and Lynch, 
1971). The combination of Nosema-infected corn borers and host-plant resistance causes a sub-
stantial reduction in larvae/plant compared with an infestation by Nosema-free corn borer larvae 
(Lynch and Lewis, unpublished data). Evidence suggests that the corn borer can tolerate this or-
ganism under ideal conditions but that if a stress factor is introduced, a substantial part of a 
4C. C. Beegle, Department of Entomology, Iowa State University, Ames, Iowa 50010. 
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population could be depressed. Recently, Lewis and Lynch (1974) developed techniques to 
vacuum dry, lyophilize or do both to corn borers containing Nosema pyrausta. Protozoa processed 
in this manner remained viable after 18 months of storage. Research is now underway to develop 
techniques for disseminating this material in nature. 
Kramer (1965) described two species of microsporida, Nosema necatrix and Thelohania 
diazoma, from the armyworm. 
Maddox and Luckman (1966) reported Nosema sp. from the alfalfa weevil in Illinois. Since 
this pest of alfalfa recently migrated to Iowa, it may harbor this Nosema. 
Tanabe and Tamashiro (1967) reported Nosema trichoplusiae, and Splittstoesser and 
McEwen (1968) reported Thelohania sp. from the cabbage looper. This insect is present in Iowa 
as a pest of home gardens rather than as a pest of a major agricultural commodity. No survey of 
microsporida of the cabbage looper in Iowa has been published. 
Most of the recent work on protozoa of grasshoppers has been done by Henry (1967, 1968, 
1969, 1971b) in Montana on range land grasshoppers. Some of the original work on field applica-
tion of microsporida for the control of grasshoppers was done by Henry (1971a) and by Henry, 
Tiahrt and Oma (1973). Six weeks after application of Nosema locustae formulated on wheat 
bran, the combined populations of Melanoplus sanguinipes, Melanoplus gladstoni, and 
Melanoplus infantilis had been reduced by 27.5%. 
From this brief discussion protozoa evidently are present in many phytophagous insects, aid-
ing in suppression of natural populations either directly or in combination with other factors. 
Viruses. Insect viruses have been studied for many years. With the development of im-
proved, electron-microscope techniques in the past two decades, the discipline of insect virology 
has progressed rapidly. Insect viruses are of two general types - inclusion viruses (such as 
nuclear-polyhedrosis (NPV), granulosis, and cytoplasmic-polyhedrosis) and noninclusion or free 
viruses. Inclusion viruses have a protein capsule encasing the virions (the infective agents); 
virions of the noninclusion viruses are not enclosed. The discovery, description, and applied uses 
of insect viruses were reviewed by Stairs (1968, 1971), Vago (1968), and Ignoffo (1968). Stairs 
(1971 ) discussed applied research relative to the following insects that occur in Iowa: redbanded 
leafroller, Argyrotaenia uelutinana; codling moth, Laspeyresia pomonella; alfalfa caterpillar; im-
ported cabbageworm; cabbage looper; corn earworm; and armyworm. 
Henry and Jutila (1966) reported a nuclear polyhedrosis virus from Melanoplus sanguinipes. 
Jutila et al. (1970) described a crystalline array virus (CAV) from Melanoplus biuattatus. The 
CAV is an extremely small virus that arranges itself in a crystalline array within the infected 
cells. Sutter (1972) described a pox virus from the army cutworm, Euxoa auxiliaris. In general, 
invertebrate pox viruses are oval or brick-shaped (Tinsley and Harrap, 1972). These few ex-
amples of insect viruses demonstrate the wide range of this type of pathogen in phytophagous in-
sects. 
More specifically in regard to insect virus research in Iowa, Beegle et al. (1973) compared a 
granulosis virus, Bacillus thuringiensis, and several insecticides for field control against the 
green cloverworm on soybeans. They found that numbers of larvae in virus-treated plots did not 
differ significantly from numbers in the check plot beginning with the sixth day posttreatment. 
An NPV has been isolated from the armyworm in Iowa during recent outbreaks.4 This virus is 
believed to be instrumental in controlling periodic, crop-damaging populations. 
Generally speaking, viruses have been reported to be quite species specific or, at most, 
pathogenic within the same genera. Recently Vail, Jay, and Hunter (1970) reported the cross-
infectivity of the NPV of the alfalfa looper, Autographa californica, when it was tested against 
the cabbage looper; diamondback moth, Plutella xylostella,· beet armyworm; Sodoptera exigua,· 
corn earworm; saltmarsh caterpillar; and cotton-leaf perforator, Buccalatrix thurberiella. Also, 
Vail et al. (1971) reported that the NPV of the cabbage looper will infect the alfalfa looper. 
Hunter, Hoffman and Collier (1973) reported cross infection of the NPV of the almond moth, 
Cadra cautella, in the Indian meal moth, Plodia interpunctella. 
This research ushers in a new avenue to insect pathology, namely: the search for known 
insect viruses that will infect economically important insects from which no virus has been 
isolated (e.g., European corn borer). 
4C. C. Beegle, Department of Entomology, Iowa State University, Ames, Iowa 50010. 
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The future of viruses for applied control depends to a great extent on data on safety and 
efficacy of these products. Allen (1968) reported on the large-scale project in which an NPV was 
used for control of corn earworm. This work showed promise for the use of an NPV as a control 
agent. 
SUMMARY 
Although Iowa agriculture consists mainly of annual crops, several predators, parasites, and 
pathogens are actively assisting in the suppression of economic insects that feed on these com-
modities. Research reports document this. In many instances research on biocontrol has been re-
ported from neighboring states on insects common to Iowa, indicating the types of control agents 
that are probably also found in Iowa. 
For some Iowa insects surveys are essential to determine the types and range of biocontrol 
organisms present, both macro and micro. Research would then be needed to determine the inter-
relationships between biocontrol organisms, target insects, crop, and environment to enable us to 
establish programs to better utilize what nature has already given for pest control. 
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of Plant Pests 
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ABSTRACT. Reducing losses attributable to plant pests must receive a high priority to meet 
future needs for food and fiber. Current losses are unacceptable in the face of impending world-
wide shortages. Integrated pest management programs based on sound research and a thorough 
appreciation of ecological principles provide an opportunity to accomplish this goal and to im-
prove the stability of agroecosystems. The attempt to increase genetic diversity of pest-resistant 
cultivars should be a major component of many integrated pest-control systems. Conversely, the 
total commitment of resources to a single avenue or method for controlling plant pests is 
dangerous. Experience indicates that a number of approaches should be pursued simultaneously 
to raise the probability of ultimate success. 
There is no best way to organize the research effort needed to implement effective pest-
management systems. One approach based on funding interdepartmental or interagency re-
search teams is offered for further study. Progress in the development of integrated plant-pest-
management systems has fallen short of what could be achieved in enhancing the stability of 
agroecosystems or, at least, what our intuition suggests is achievable. For this reason we must 
re-examine our goals and explore new approaches to protecting the very cornerstone of society-
the capacity to maintain and improve the yield and quality of food and fiber crops. 
In this overview of pest-management systems I will attempt to outline the nature of the 
agricultural revolution and associated pest problems, to explore the application of ecological con-
cepts in devising integrated pest-management systems, and to examine some of the "tradeoffs" 
required in modifying both accepted agricultural practices and in organizing effective in-
terdisciplinary research. Most likely subsequent contributors to this series will examine these 
questions in much greater detail. 
AGROECOSYSTEMS -TODAY AND TOMORROW 
Advances in agricultural production that characterize developed industrial societies are both 
a source of pride and in the recent past an appreciable embarrassment concerning the cost of pro-
ducing and managing surpluses· of agricultural products. The dramatic nature of the agricultural 
revolution can be measured by the ratio of persons not on farms to each farm worker. In the 
United States this ratio changed from 10 in 1930 to 48 persons in 1971 (Pimental et al, 1973). 
Mechanization has received major credit for increasing the productivity of farm labor. However, 
heavy investments in mechanization can be justified only when crop-production systems are sup-
ported by the use of superior high-yielding cultivars, improved soil- and crop-management prac-
tices, adequate fertilizer, and effective pest-control programs based on both pest-resistant 
cultivars and pesticides. 
1Beltsville Agricultural Research Center, U.S. Department of Agriculture, Beltsville, Maryland. 
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Discreditation of modern agroecosystems as a significant source of pollution has become 
popular. Agriculture has been pictured as a major contributor to the degradation of the environ-
ment through the excessive use of chemical fertilizers and pesticides, the accumulation of 
chemical residues in a variety of ecosystems, and the concentration of waste products generated 
in animal feeding and food processing. Agricultural scientists are included among those who 
have decried the costs to the natural environment in terms of depleted soils, pollution, disruption 
of natural plant and animal populations, and shortages of natural resources (Pimental et al, 
1973). There is no argument over the importance of protecting the safety of our food supply and 
the need to understand the ultimate consequences of any and all actions charted within a com-
plex society. Unfortunately, most attacks directed toward current farming practices do not pro-
vide a careful assessment of benefits and alternative costs in terms of the quality of the environ-
ment, stability of food supplies, toxins traceable to pathogens, and crop quality. 
In truth, no one factor has contributed more to the conservation of our irreplaceable soil re-
sources than advances in crop production. The steady advance in crop yields has led to the rapid 
abandonment of infertile, erodible soils, and to the concentration of harvested acreage on more-
fertile, less-erodible land. The substantial harvested acreage released as a direct result of in-
creased inputs on fewer acres has been returned to perennial grasses and forests, and made 
available for a wide range of recreational activities. Few people have taken the time and effort to 
assess the aesthetic and monetary value of this dramatic shift in agricultural production. Con-
comitant advances in protecting soil resources on land that remained in production have resulted 
through adoption of a variety of soil-conserving practices. Again, substantial credit in reducing 
runoff and soil losses from wind and water erosion must be credited to soil-surface protection 
afforded by adapted cultivars and adequate fertilizer use to insure rapid development of higher 
plant populations. 
The face of America has been changed by the revolution in agricultural production. Assess-
ment of the consequences of these changes reveals good evidence that industrialized agriculture 
has contributed much to protecting the environment and soil resources. Despite our best efforts 
sediment remains the major water pollutant in the United States with some 4 billion tons mov-
ing from the land to water channels each year, and about one-half of this sediment coming from 
agricultural sources (Wadleigh, 1968). This one factor alone is sufficient justification to reflect on 
the extent and nature of possible environmental problems in the absence of significant changes 
in agricultural practices. 
Acreage of harvested crops is fully expected to expand, albeit gradually, in response to 
higher food prices. Most predictions developed to date do not give sufficient weight to the impact 
of growing energy shortages on total production, production costs, and food prices. Agricultural 
production is extremely vulnerable to shortages in energy supplies and to any sharp rise in the 
cost of manufactured products that demand a high input of energy, namely, fertilizer, pesticides, 
and farm equipment (Pimental et al, 1973). Farm surpluses generated because of the expansion 
in harvested acres are generally conceded to be short lived, and by 1980 food shortages will be a 
problem of worldwide significance. 
Assuming that energy sources are allocated to agriculture, we can expect a near-term in-
crease in harvested acreage of crops of some 50 to 100 million acres. Much of this increase will 
occur on soils that require substantial inputs of fertilizer and special precautions to limit erosion. 
Fortunately, we can call on advances in technology to drain soils and reduce soil erosion, as 
evidenced by the rapid expansion of "no-till" corn (Zea mays L.) production that expanded from 
3.5 million acres in 1972 to something in excess of 4 million acres in 1973. (Clarence Britt, 
personal communication). No-till cultivation is based on the use of a herbicide to kill-back an ex-
isting sod cover followed by direct seeding of corn in the resulting mulch. It is a commendable 
practice but little is known about the effects of no-till cultivation and similar management 
techniques on the buildup of diseases and pest insects. 
These changes, a growing demand for food and increased production costs attributable to the 
energy crisis, lend a special emphasis, a special sense of urgency to pest-management research. 
We can ill afford to accept pest losses of the magnitude that is commonplace today if we are to 
look to the future with any degree of confidence. A second and more important message rests 
with the totality of agroecosystems (Hanson, 1972). The success and stability of these man-made 
ecosystems depend on our knowledge and correct assessment of interactions involving a host of 
environmental, biological, economic, and sociological variables. 
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PEST LOSSES 
Our crops share the environment with an awesome array of pests. In general terms about 
50,000 species of fungi cause more than 1,500 diseases; an estimated 15,000 species of nematodes 
attack crop plants; and at least 1,500 species cause damage. Add to this total some 10,000 pest in-
sects and about 1,800 weed species that cause serious economic loss. 
We take pride in the agricultural research that has enabled producers in the United States 
to use advanced pest-control methods on a broad scale. The challenge is obvious, however, when 
various estimates place the monetary loss from pests at one-quarter of this nation's annual pro-
duction. The world situation is especially discouraging with losses estimated at one-third of the 
value of specific crops; the losses attributed to insects, diseases, and weeds amounting to 13.8, 
11.6, and 9.5 percent, respectively. If such polyphagous pests as locusts and weaver birds are in-
cluded, the total loss exceeds one-half of the world's annual production (Martin, 1973). Post 
harvest losses are prodigious, with losses of stored grain crops falling in the range of 10 to 50 
percent in southern Asia. 
In the controversy over pesticide use in pest control, many people have suggested that we 
could reduce our reliance on pesticides if the housewife could be convinced to change her pre-
ference for the cosmetic appeal of unblemished fruit and vegetables. This interesting proposal 
must be weighed against the potential of increased losses to pest-damaged produce during ship-
ping, storage, and marketing. Reduction of mechanical damage in harvesting, appropriate 
storage, and planned marketing based on the predicted keeping quality of different lots of fruits 
and vegetables can make an important contribution to reducing losses from disease during 
storage and marketing. Furthermore, certain nonchemical treatments have proved beneficial. 
Cook (1965) reported control of brown-rot of lemons by treating fruit for 4 to 5 minutes in water 
heated to 48.9 C. Heat treatments have been developed to control disease losses in peaches, 
papayas, mangoes, bell peppers, and onion bulbs. 
Research is needed on alternatives to pesticides and on combinations of treatments that re-
duce the use of pesticides. It is not realistic, however, to think in terms of marketing disease and 
insect-damaged produce; the reduction of these pest losses will start in the field. 
AGROECOSYSTEMSVS.NATURALECOSYSTEMS 
Man grows crops for direct human consumption, livestock feed, fiber, and various specialized 
purposes in highly disturbed environments. Agricultural ecosystems or agroecosystems of 
primary concern to agronomists, horticulturists, and other agricultural scientists differ in many 
respects from the "natural" ecosystems that receive attention in classical ecology. The dis-
tinguishing characteristics of agroecosystems were listed by Southwood and Way (1970) as 
follows: 
1. Not selfperpetuating. 
2. Limited duration - ranging from a few months for annual to several years for perennial 
crops. 
3. Plants selected by man rather than the end product of natural selection in a given en-
vironment. 
4. Typically monocultures maintained by cultivation and modern herbicides. Exceptions in-
clude intercropping, mixed orchards, and forage-crop mixtures. 
5. Limited range of genotypes with maximum synchronization of flowering and maturation. 
6. Generally receive chemical fertilizer or manure with concomitant gains in rate of growth 
and nutrient levels in foliage. 
7. Soil moisture may be controlled by irrigation and drainage. 
8. Periodic pest outbreaks are a characteristic feature of agroecosystems. 
The sharp distinction made between agricultural and natural ecosystems can result in con-
siderable confusion and misunderstanding. Smith and Hill (1974) stress the unfortunate conse-
quences that result from taking a simplistic view of ecosystems. In their judgment this has led to 
the assumption that all natural ecosystems are good, and because agriculture is unnatural it is 
ecologically unsound. It follows that one might be tempted to conclude that all natural systems 
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are dynamic while agricultural systems remain static. This is a conclusion that cannot be sup-
ported by existing facts. 
Smith and Hill compare ecosystems in terms of the several criteria often used for separa-
tion-namely, biological diversity, intensity of human management, net energy balance, 
management responsibility, and management emphasis. They conclude that ecosystems 
represent a continuum. Thus, in a consideration of management alone, it would be erroneous to 
conclude that natural ecosystems are not subject to management. Management starts with selec-
tion of a natural area and involves to varying degrees establishment of a viable area, regulation 
of visitors, regulation of plant and animal populations, fire prevention or selective burning, and, 
of course, decisions that pertain to the inventory of plant and animal species, replanting, and 
selection of biophysical factors that will be allowed to operate. 
Pest management in agroecosystems must take into account the diversity that characterizes 
these systems. We can decide arbitrarily to direct our attention to large-scale, specialized produc-
tion of crops in monocultures2• 
DIVERSITY 
A basic principle of ecological theory holds that diversity is essential to stability in 
ecosystems. For this reason great concern has been directed toward oversimplification of 
agroecosystems and why proposed solutions call for a reversal to this well-established trend. 
Several examples can be cited to illustrate where controlled diversity has been used suc-
cessfully to reduce damage from specific pests. Typical of these examples is the interplanting of 
20-foot-wide strips of alfalfa (Medicago sativa L.) with every 300 to 500 feet of cotton (Gossypium 
hirsutum L.) in the San Joaquin Valley, California (Stern, 1969). Lygus bugs (Lygus hesperus 
Knight) feed on alfalfa in preference to cotton, thereby reducing the number of insecticide ap-
plications needed to control lygus damage to cotton from three to a single application. 
Crop rotation should be considered as an element of diversity that is distinct from diversity 
added through the introduction of trap crops and such soil-conserving practices as grass 
waterways and windbreaks. Rotations can be relied on to break the normal life cycle of many 
pests, thereby reducing the incidence of a particular weed, disease, or insect pest. Although crop 
rotations increase the diversity of agroecosystems, they are inappropriately regarded as a simple 
cure for the lack of diversity in extensive monocultures. In reality, very complex crop rotations 
represent simplified systems in comparison with natural ecosystems. 
Crop rotation is a valuable tool in pest management, as demonstrated by the impressive list 
of examples where the sequence of crops in rotation has reduced crop damage from certain root-
rot diseases, cutworms and other soil-inhabiting insects, and nematodes. Rotations can be relied 
on to control rootworm damage in Iowa corn fields, the take-all disease ( Ophiobolus graminis) of 
wheat, and nematode damage to sugarbeets (Beta vulgaris L.) and cotton. However, the beneficial 
effect of a given rotation in pest management programs may be limited to a comparatively nar-
row soil-climate zone. 
A change in cropping practice or crop diversity can lead to reduced populations of certain 
pests and to an increase of others. In Arkansas, greater diversification in harvested crops im-
proved the food supply and environment for certain pests including grasshoppers, blister beetles, 
chinch bugs, corn rootworm, bean-leaf beetle, pea aphid, and bollworm Clsely, 1942). In addition, 
we are only too familiar with the movement of diseases, insects, and weed seed from adjacent 
crops, hedgerows, and abandoned cropland. Diversity in cropping systems will not make a mean-
ingful contribution to pest management unless we understand completely how it contributes to 
reducing losses from specific pests. In summary, we must identify the elements of diversity that 
should be retained or added to specific agroecosystems and those elements of diversity that 
should be eliminated. 
One of the serious charges leveled against widespread use of conventional insecticides is 
their lack of selectivity; not only do they reduce pest insects but also beneficial parasites and 
2Monoculture in agriculture: extent, causes, and problems. Report of the task force on spatial 
heterogeneity in agricultural landscapes and enterprises. USDA, Washington, D.C. October, 
1973. 
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pollinators. In comparison, highly specific or selective control measures are prized as reducing a 
particular pest without damage to nontarget organisms. Most lists of highly selective measures 
for control of harmful insects include resistant cultivars, insect pathogens, juvenile hormones, 
specific parasites and predators, genetic (including sterility inducing) mechanisms, and most 
synthetic attractants. Additionally, one might add chemical pesticides that exhibit a high degree 
of specificity for controlling given weeds, fungi , insects, and nematodes. 
The environmental advantages credited to pest-resistant cultivars and some specific 
chemical control measures can be offset by the propensity of certain pests to develop new races or 
biotypes. Thus, in recent years plant breeders and plant pathologists have placed increased em-
phasis on isolating and incorporating general pest resistance (horizontal resistance) into new 
cultivars. Their objective is to improve the stability of pest-resistant cultivars over those protect-
ed by specific resistance (vertical resistance ) to a given number of races. 
Well in advance of the southern corn-blight epidemic in 1970, Stringfield (1964) emphasized 
the genetic vulnerability of the corn crop. Drawing on his considerable experience, he recounted 
the sharp upsurge of leaf blights (mostly Helminthosporium turcicum Pass.) across southern Ohio 
in the late 1930's. Potentially high-yielding hybrids that were making rapid gains in acreage 
planted were seriously damaged because of favorable ecological conditions for blight, including 
increased use of the susceptible hybrids. He described similar "backlashing of nature" and "grow-
ing pains" in corn improvement with examples drawn from the increased use of corn borer 
(Ostrinia nubilalis Hubner) susceptible inbred lines, and aphid (Rhopalosiphum maidis Fitch) 
susceptible hybrids. In conclusion Stringfield placed heavy emphasis on building and maintain-
ing "defensive qualities" (pest resistance and adaptive characteristics) in corn hybrids, com-
mensurate with the somewhat opposite qualities of the "offense" (lush-growth and high-yield 
potential). In his judgment there is little prospect of attaining an enduring genotype-
environment interaction. 
Considerable success has been achieved in reducing the genetic vulnerability of both largely 
cross-pollinated and largely self-pollinated crop plants when it is not essential to maintain a 
high degree of uniformity in commercially grown cultivars (Hanson, 1969). In alfalfa, Hanson et 
al. (1972 ) demonstrated the effectiveness of recurrent, phenotypic, mass selection as a method fc.r 
incorporating resistance to several disease and insect pests into populations characterized by a 
broad genetic base. In general terms the procedure involves assembling a diverse sample of 
alfalfa germplasm, evaluating 1,800 to 10,000 plants per cycle on the basis of phenotypic 
performance, and selecting from 80 to 500 plants for intercrossing under isolation to repeat the 
cycle. These authors reported substantial progress in developing populations and cultivars com-
bining resistance to rust ( Uromyces striatus Schroet. var. medicaginis (Pass. ) Arth.), common 
leafspot (Pseudopeziza medicaginis (Lib.) Sacc.), bacterial wilt (Corynebacterium insidiosum 
(McCull.) H. L. Jens.), anthracnose (Colletotrichum trifolii Bain), spotted alfalfa aphid 
(Therioaphis maculata Buckton), and the potato leafhopper (Empoasca fabae Harris). They also 
reported a general increase in the vigor of populations selected in the field. 
This breeding procedure was followed in developing the cultivar, Team, which exhibits a 
modest level of resistance to the eastern biotype of the alfalfa weevil, Hypera postica Gyllenhal 
(Barnes et al., 1970). In extensive tests Team was found to be highly resistant to the pea aphid, 
although no selection was practiced against this pest. Thus, other adaptive changes in addition to 
improved vigor and productivity seem to be accumulated in successive cycles of selection. 
Several investigators have emphasized the importance of improving the stability of the 
largely self-pollinated crops by increasing genetic diversity (Browning and Frey, 1969; Jensen, 
1952; and Suneson, 1960). Methods that could be used to increase the diversity of grain crops are 
not equally applicable to those crops in which the market places a high premium on uniformity, 
and to others (notably the feed grains) where the same degree of uniformity is not essential. Two 
of the principal approaches used to increase genetic diversity in crop cultivars involve either 
combining different genes for resistance in different genotypes or incorporating different genes 
for resistance within the same genotype. The first of these approaches was taken by Browning 
and Frey (1969) in developing "multiline" cultivars of oats. They combined selected lines of oats, 
each line differing in genes for disease resistance but similar or identical for other obvious traits. 
An overall examination of diversity in agroecosystems suggests several alternatives for in-
creasing the diversity and stability of specific ecosystems; none of these possibilities should be ig-
nored in devising sound pest-management systems. Conversely, one approach stands out above 
all others as most productive, most attainable, and most realistic within large-scale, industrial 
agricultural systems. This is the opportunity to enhance diversity within and among improved 
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cultivars of cultivated crops. As indicated, much remains to be done, and not all crops are amen-
able to the same breeding methodology. Nevertheless, a high priority must be assigned to the 
prospect of increasing genetic diversity within crop cultivars; to encouraging the use of a greater 
range of cultivars differing in genetic background; and to investigating the potential contribu-
tion of compatible mixtures of cultivars in suppressing pest damage. Irrespective of the degree of 
success achieved in stabilizing pest outbreaks through the development and management of 
pest-resistant cultivars, we must appreciate the basic weakness inherent in any simple 
ecosystem. For this reason research workers must strive to anticipate shifts in pest populations 
and to hold genetic stocks in reserve to meet the exigencies of catastrophic pest outbreaks. 
INTERDEPENDENCE 
The concept of interdependence is basic to the study of plant and animal communities. As 
suggested by . Platt et al. (1964) the environment-organism relationship has no arbitrary 
boundaries; both flow rates and transfer rates between the organism and its environment are of 
paramount importance. A thorough knowledge and understanding of these complex interrela-
tionships is the ultimate goal of ecological investigations, irrespective of the point in the 
ecological continuum selected for study. The total environment determines whether an organism 
succeeds, barely survives, or fails. Obviously, therefore, pest management must be studied in re-
lation to all elements of the overall environment of the community selected for study. 
In general there is a reasonably good understanding of the interdependence of various prac-
tices followed in the course of a well-established crop production system. Obviously, pest-
management systems start with the use of improved cultivars adapted to prevailing environmen-
tal variables-primarily daylength, ambient temperatures, length of growing season, water 
supply, and soil conditions. Planting a cultivar that exhibits a high tolerance to low spring tem-
peratures can contribute significantly to improved seedling emergence and to avoidance of seed-
ling diseases that might otherwise damage or destroy stands. Similarly, selection and use of seed 
free of diseases and weeds, correct choices with respect to depth of planting, date of planting, crop 
sequence, soil and crop management practices, timing and method of harvesting, and crop sanita-
tion, are but some of the variables that influence pest damage and the ultimate success of crop 
production as measured by yield and quality of the crop and impact of the system on the environ-
ment. 
Many new practices and methods have been recommended and adopted by farmers in the 
absence of any real understanding of the long-term impact of the new variable on 
agroecosystems, especially on populations of pests. In general , little is done until new problems 
are defined in terms of field experience, and within limits this has worked reasonably well. A 
significant exception is available in the legislative attention devoted to the safety and health 
aspects of pesticide use. Although some disagreement exists over all actions proscribed by exist-
ing legislation, agreement is good on the necessity of insuring a high level of safety in usage of 
chemical pesticides. Safe pesticide use is recognized as constituting an essential part of 
numerous pest control programs. Neither the present nor the future holds much prospect that 
chemical pesticides can be eliminated from agroecosystems. 
The rapid acceptance of new methods and materials in agriculture has a number of explana-
tions, not the least of which is the continuing need for farmers to remain competitive in the face 
of increasing production costs. Comprehensive studies on the potential impact of innovative 
changes in agroecosystems are restricted in part by the comparatively independent nature of 
new discoveries and developments; more importantly by the lack of time, funds, and personnel to 
embark on long-term studies of "possible" shifts in agroecosystems. Recognizing these and other 
limitations, we find a critical need to examine all steps in crop-production systems. These studies 
would have as their objective the identification of potential hazards in the production cycle and 
modifications to reduce the vulnerability of the system to pest outbreaks. One of the principal 
arguments that can be advanced in support of the application of systems analysis to 
agroecosystems is the utility of this approach in identifying potential problem areas and in de-
veloping priorities for research. 
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INTEGRATED PEST MANAGEMENT SYSTEMS 
Two fundamental ingredients in all pest management systems are, namely, (1 ) reduction in 
pest populations to levels that do not limit successful crop production, and (2) utilization of more 
than one pest-control strategy or method in reducing the pest or pests below the economic-injury 
threshold. 
The concept of integrated pest-management systems has gained in popularity almost in 
direct proportion to problems resulting from widespread use of certain chemical pesticides. It 
would be erroneous, however, to think that the integrated management of plant pests is a new 
and revolutionary idea. Many current, pest-control programs are based on the combination of two 
or more methods, each contributing in a different way to the end result. These programs have in-
volved sharp reductions in insecticidal usage to insure benefits from the build-up of beneficial 
parasite populations, the use of a single pesticide application to improve the yield of marketable 
produce from a pest-resistant cultivar, or the use of pest-resistant cultivars in combination with 
any one of several management practices such as improved crop sanitation, plowing depth, and 
time of planting. If a new element is added, the viewpoint is that we should make use of as many 
strategies as practicable to insure stability in pest control, thereby reducing dependence on any 
one method incorporated in a total, pest-control program. The success of this approach depends 
on complete knowledge of specific ecological conditions, and is in harmony with ecological views 
on the contribution of diversity and interdependence to balanced ecosystems. 
Table 1. Hypothetical trends in an insect population treated with an insecticide each generation 
until theoretical zero is achieved (Knipling, 1968). a 
Generation No. of insects No. of survivors No. of progeny 
treated 
1 (Parent) 1,000,000 20,000 200,000 
2 200,000 4,000 40,000 
3 40,000 800 8,000 
4 8,000 160 1,600 
5 1,600 32 320 
6 320 6 60 
7 60 <2 0 
aModel assumes 98% control each generation and a tenfold increase for survivors. 
Reduction of pest populations can be illustrated with models prepared by Knipling (1968) in 
which he shows the relative effectiveness of insecticides vs. insect populations subjected to the 
release of sterile males (Tables 1 and 2). It can be shown very readily that the efficiency and 
overall effectiveness of control are improved if the insecticide is combined with the release of 
sterile insects. Thus, in Table 3 the reduced insect population obtained with insecticides can be 
Table 2. Hypothetical trends in an insect population subjected to release of sterile insects 
(Knipling, 1968).a 
Generation No. of fertile No. of sterile 
insects insects 
1 (Parent) 1,000,000 49,000,000 
2 200,000 49,000,000 
3 8,130 49,000,000 
a All insects reproducing are assumed to increase tenfold. 
Ratio sterile 
to fertile 
49:1 
245:1 
6027:1 
No. of 
progeny 
200,000 
8,130 
0 
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eliminated with much smaller releases of sterile insects. The hypothetical example given in 
Table 1 is based on the assumption that the entire population of the insect is treated with the in-
secticide. In practice only commercial crops are treated and any untreated host plants constitute 
a constant source of repopulation of commercial crops and orchards. This has proved to be a 
serious problem in controlling codling moth (Laspeyresia pomonella L. ) damage to apples (Malus 
syluestris Mill.) and pears (Pyrus communis L. ) in the Western United States. More insecticides 
have been applied per unit area for the control of this insect than for any other. Heavy usage of 
insecticides has resulted in a serious mite problem, which, in turn, requires additional insec-
ticidal treatment. Growers attain almost complete control of the codling moth in commercial or-
chards, but orchards continue to be reinfested from abandoned orchards and noncommercial trees 
kept for home fruit production. The quantity of insecticide used in control of the codling moth 
could be reduced significantly if untreated host trees were eliminated or control was achieved 
over the entire host range by a combination of chemical and complementary control methods, of 
which the release of sterile insects is but one alternative (Knipling 1972 a, b). 
Several examples could be cited to illustrate the intent and potential complexity of integrat-
ed pest-management systems, including the comprehensive pilot program initiated for the con-
trol of boll weevil (Anthonomus grandis Boh.) damage on cotton (Knipling, 1972b). The principles 
can be outlined, however, with the comparatively simple example furnished by Nusbaum and 
Todd (1970). These authors reported on the combined effectiveness in controlling black shank 
Table 3. Hypothetical trends in an insect population against which insecticide treatments and 
sterile-insect releases are both utilized (Knipling, 1968). 
Generation Initial Natural Sterile Ratio sterile Expected 
Population Population Population to fertile progeny 
1 (Parent) 1,000,000a 20,000 980,000 49:1 4,000 
2 4,000 980,000 245:1 165 
3 163 980,000 6,027:1 0 
a98% killed with insecticides. 
(Phythophthora parasitica (Dost) var. nicotianae (Breda de Haen) Tucker) in susceptible vs. resis-
tant cultivars of tobacco (Nicotiana tabacum L. ); the application of a chemical selective against 
the target organism vs. no chemical; and different alternative crops in rotation with tobacco. 
Table 4 shows the results obtained from six tests conducted in North Carolina in 1963. In these 
experiments the resistant cultivar, NC 2326, and the susceptible cultivar, Hicks, were similar in 
agronomic characteristics and yield. Maneb was broadcast at the rate of 72 lbs/acre and disked 
into the soil. It is obvious from these data that while the use of a resistant cultivar was most im-
portant in controlling the disease, the combination of all three practices provided the best control 
and highest crop value. 
Table 4. Influence of host resistance, crop rotation, and fungicidal treatment, alone and in all 
combinations, on the incidence of black shank on tobacco (Nusbaum and Todd, 1970). 
Disease countb CroQ value/acre 
Cul ti var a Rotation Check Maneb Check Maneb 
% % $ $ 
Hicks (S) None 80 70 312 591 
NC2326 (R) None 15 9 991 1,250 
Hicks (S) 2-year 41 21 895 1,238 
NC2326 R 2-year 5 1,314 1,497 
a.s = susceptible; R = resistant 
hp1ants killed by black shank before end of harvest. 
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IMPLEMENTATION OF PEST MANAGEMENT RESEARCH 
The thrust of this symposium includes examination of the nature of pest management as 
well as the organization of research to solve immediate and long-term, pest-related problems. It 
would be presumptuous on my part to provide anything more than a few general thoughts that 
might receive attention in a broad consideration of implementation. 
A cursory examination of the factors associated with conduct of pest-management research 
and initiation of integrated control programs suggests need for radical change, both in the 
classical organization of university departments and Government agencies as well as substan-
tive changes in the allocation of funds. Although change is necessary, I am not convinced that we 
have moved necessarily in the right direction to insure both the maintenance of excellence 
within disciplines and the level of interdisciplinary cooperation essential for the solution of com-
plicated, pest-control problems. 
It is questionable if one would argue with the premise that the effective modelling of any 
ecosystem depends on the availability of sound technical inputs. This objective demands both the 
training of highly qualified specialists and the continuation of fundamental research within dis-
cipline-oriented departments. I agree with Straus (1973) that departments must seek a degree of 
realignment over their spheres of control. Conversely, I am not prepared to see discipline-
oriented departments lose their identity, often on the assumption that they must be realigned 
into some type of super organization that has as its stated objective the furtherance of in-
terdisciplinary research. Effective interdisciplinary research is built on mutual trust, the op-
portunity to share and contribute resources to the common goal, the training and motivation of 
team members, and equal rewards for all active participants. Interdisciplinary research cannot 
be implemented by directive irrespective of the good intentions involved in the decision. 
Anbar (1973) has introduced the term "bridge scientist" to our thoughts on the organization 
of multidisciplinary and interdisciplinary research teams. Without going into detail a bridge 
scientist is defined as a team member who has the technical expertise and personal persuasion 
needed to bridge the gap that invariably separates specialists representing different disciplines, 
and would function within either multidisciplinary research teams (team led by a designated 
scientist who directs the program) or interdisciplinary research teams (where all team members 
function at the same level). Although my experience supports the contention that the bridge 
scientist has a key part within research teams, I would suggest that he is the logical one to as-
sume leadership provided he works at the same level as his scientific associates. If this idea is 
carried a step further, one can visualize one of the many alternatives available in the develop-
ment of effective team research. All team members, irrespective of discipline, would remain 
affiliated with their respective departments, on detail, in this example, to a pest-management re-
search team. Funds to support their research would be contributed on a pro rata basis by 
participating departments and placed at the disposal of the bridge scientist serving as team 
leader. At this point the funds would lose their identity and be available for allocation to joint 
projects developed by all of the participating scientists. 
One obvious advantage to the organizational approach outlined above is its built-in protec-
tion against obsolescence. Blackburn (1973) has drawn an interesting parallel between biological 
and scientific ecosystems. He indicated that a new thrust in science and current interest in de-
veloping integrated pest management systems could result in a high level of scholarly activity. 
New interdisciplinary research teams evolve and flourish in an environment not unlike that of 
an immature biological ecosystem; motivational and fossil fuel energy flow are high, and diver-
sity within the group diminishes with enthusiasm over the task at hand. As the group grows it 
assumes the characteristics of a maturing ecosystem with a larger proportion of energy devoted 
to the maintenance of physical structures, a substantial increase in paper work, and the re-
establishment of ties to the larger world of scholarship. Conceivably some of these difficulties 
could be avoided with interdepartmental research teams that controlled their own funds and 
were free from the paper work and trivia associated with established organizational units. 
Furthermore, teams could be restructured or disbanded with minimal disruption to the morale 
and effectiveness of participating scientists. 
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INSECT THREATS AND CHALLENGES 
TO IOWA AGROECOSYSTEMS1 
Larry P. Pedigo2 
ABSTRACT. The insect pests of Iowa have been a major threat to the state's agricultural 
systems and have played a major role in shaping plant culture. The concepts of "insect pest" and 
"pest status" are discussed along with the major determinants of pest status. The diversity of 
Iowa insect pests is reviewed by grouping pests according to (1) host species, (2) zoogeographical 
affinity, (3) route of damage, and (4) economic importance. The concept of "insect-pest manage-
ment" is discussed with regard to future research needs in Iowa. 
INTRODUCTION 
The insects of Iowa are a diverse assemblage of animal populations that have played a major 
role in shaping the state's agricultural systems. From the chinch-bug problems of the 1930's, to 
the corn-borer problems of the 1940's and 50's, to the rootworm problems of the 1960's and 70's, 
Iowa agriculture has been faced with the challenge of adapting to a seemingly unending barrage 
of new insect threats. To meet these challenges Iowa agriculturists have used a mix of flexible 
and timely strategies and adroit decisions. The magnitude of their successes is indicated by the 
strength of our agricultural system today. 
Yet, the insect threat continues. Part of the reason is that insect populations are innately re-
silient. For example, some have responded to heavy insecticide treatments with such phenomena 
as resistance to the insecticide and resurgence in numbers shortly after the treatment. Another 
reason is that we continue unwittingly to import new species into the U.S. that, lacking a 
natural enemy complex or other environmental restraints for effective control, can potentially re-
ach epiphytotic proportions. Yet another part of the continued threat is that we have created an 
insect Utopia for a few species - an environment that favors high reproductive and dispersal 
potentials and relatively low rates of natural mortality. Herein probably lies the source of most 
Iowa insect problems. 
AGROECOSYSTEMS AND THE ECOLOGICAL ROLE 
OF PESTS 
Ecologically speaking, this favored environment, whether it be fields of corn, soybeans, or 
alfalfa, is a managed ecosystem. These man-modified ecosystems have been referred to and 
1Journal Paper No. J-7778 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project No. 1956. 
2Associate Professor, Department of Entomology, Iowa State University, Ames, Iowa 50010. 
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characterized by Smith and Reynolds (1966) as agroecosystems. Much of an agroecosystem is 
composed of the more or less uniform crop-plant population, weed communities, animal com-
munities, microbiotic communities, and the physical environmental matrix in which these com-
munities interact. An agroecosystem most often includes several fields (depending on crop-plant 
continuity), field margins, and interlying nonarable or uncultivated areas. 
Iowa agroecosystems occupy much of the land mass in the state and can be characterized 
with the unique features outlined by Southwood and Way (1970)- features not usually found in 
unmanaged ecosystems. Compared with unmanaged ecosystems, Iowa agroecosystems lack tem-
poral continuity. They are of limited duration and undergo immense, abrupt changes in 
microclimate because of cutting, plowing, disking, burning, and other cultural practices. Our 
agroecosystems are dominated by plants selected by man, many of which are the result of im-
ported genetic material. Others have been in protective cultivation so long that they have little 
resemblance to the parent stock from which each was derived. The state's agroecosystems 
generally lack diversity of species and show little intraspecific diversity. Usually, a single species 
dominates an agroecosystem, and the elimination of weed species further simplifies this environ-
ment. Additionally, there is little range in plant genotype. With crop plants of similar type and 
age in the system, the vegetative structure is uniform, and a phenological event (flowering, pod-
ding, etc.) occurs in most all plants at the same time. Another feature is nutrient augmentation 
in many of our agroecosystems, resulting in uniformly succulent, nutrient-rich tissues. 
The remaining feature outlined by Southwood and Way (1970) is primarily the result of the 
previously discussed characteristics and is quite typical of Iowa agroecosystems, viz., that of fre-
quently occurring insect-pest and disease outbreaks. Only a few species of insects, however, find 
our agroecosystems an optimal environment in which to develop and reproduce. 
The paucity of species that actually develop outbreak populations can be exemplified from 
soybean agroecosystems. Of more than 600 insect species know to occur above ground in these 
systems, about one-third are phytophagous, and of these only about a dozen could be considered 
actual or potential pests (Pedigo, 1972). Yet, the threat is present because the biotic potential of 
only a single species can be sufficient in an optimum environment to cause widespread, albeit 
sometimes sporadic, losses, as have occurred with green cloverworm populations (Pedigo et al., 
1973). 
Turnbull (1969) quite adeptly analyzed the ecological role of insect outbreaks in 
agroecosystems. He stated the common assumption that biotic communities in unmanaged 
ecosystems usually reach a state of homeostatic balance. When we begin to manage that system, 
we upset that balance by striving to create a system where a single species, the crop, can achieve 
its full reproductive potential. With such a stress caused by the modification of that ecosystem, 
exceptionally strong forces react in opposition to this change - towards a return of the original 
system. An insect outbreak is one of those forces that, through destruction of the disturbing fac-
tor ("overpopulation" by the crop species), promotes community diversity and therefore enhances 
the tendency toward restoration of the original, unmanaged, homeostatic community. 
Lest there be the misconception that insect-pest populations are ecological aberrations, it 
should be stated that they are not. They are like other animal populations in every respect, their 
only distinction being that they are detrimental to human populations. 
CONCEPTS OF PEST AND PEST STATUS 
Insect problems encountered in Iowa cropping systems are usually problems of numbers and 
are not determined solely by the presence of a species. Consequently, it is relatively unimportant 
to know that the European corn borer is present in a field of corn (particularly when it is present 
in most fields). It is, however, extremely important to know how many corn borers are present. 
Therefore, in Iowa agroecosystems an insect pest is any insect species whose activities, enhanced 
by population density, causes economic losses to cultivated crops. The problem with this defini-
tion is that there can be such a wide range of "economics" involved with damage that little in-
formation can be imparted by classifying an insect as a "pest." Obviously, an insect population 
causing a loss of 5 cents an acre causes an "economic" loss and is therefore a pest, but such a loss 
by itself is inconsequential. This kind of situation often occurs in Iowa cropping systems with in-
direct feeders, i.e., those insects not damaging the harvestable produce. Certainly, "pest" designa-
tion alone does not (or should not) signal the beginning of control activities. Rather, "pest status" 
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imparts more information regarding the seriousness and consequences of an insect problem. 
Pest status is the standing or rank of the pest relative to the economics of reducing damage 
by the population. The particular pest status of an insect species can be greatly variable depend-
ing on crop type, environment (natural and social), and a number of other parameters. 
The relationship between pest status and its major determinants is shown in Fig. 1. Directly, 
pest status is determined by the features of the insect species, the crop species, the particular as-
sociation between these, and the natural-social environmental matrix in which these determi-
nants are set. 
Population numbers obviously are among the most conspicuous variables affecting pest 
status and are considered by some (Geier and Clark, 1960) as the sole determinant of pest status. 
Population number has a direct relationship to status and can be tremendously variable in time 
(within the growing season and between growing seasons) and place (by field or region). For ex-
ample, green cloverworm populations in soybeans have varied from <1 larva/row ft in 1969, 
1970, and 1971 in central Iowa fields to > 10 larvae/row ft in 1968 and 1973. In considering num-
bers and pest status, the frequency and magnitude of fluctuations and the average insect number 
are of primary importance. 
Feeding and ovipositional characteristics together or singly relate directly to the type and 
amount of damage that can be done. Direct feeding or oviposition on or in the harvestable pro-
duce is the simplest damage to assess compared with feeding or oviposition on vegetative or un-
harvested tissues. The variability in amount of damage per individual is little known at this 
time. Evidence suggests that, in some species at least, variability may be low (Stone and Pedigo, 
1972). 
Depending on the cost of pest-management programs in relation to the monetary loss that 
could be sustained, a pest may be relegated to a higher or lower status. Holding all other 
variables constant, a reduction in management costs may tend to elevate the pest status of an in-
sect, if lower cost results in greater frequency of control activities. High variability in pest-
control costs is particularly well exemplified by differences in approximate retail costs of recom-
mended insecticide treatments for corn rootworm species in corn (Felco-Land'O-Lakes Corp., 
1972). 
Figure 1. Schematic representation of the major determinants of insect-pest status and their re-
lationships. 
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The crop species itself, particularly its market value, and its performance in a variable en-
vironmental setting has an equally important part in determining pest status. Usually, an in-
crease in market value leads to an increase in a pest's status because each unit of damage re-
sults in an increased economic loss. Clearly, a thistle caterpillar population attacking $6.00/bu 
soybeans has a higher pest status than the same population feeding on $3.00/bu soybeans. 
Susceptibility of the crop to insect damage is, of course, directly related to pest status, and is 
especially important with indirect insect damage. Variable weather factors (particularly 
moisture) and cultural procedures (such as fertilization) can profoundly affect the vigor of grow-
ing plants. Under optimal environmental conditions, vigorous plants can frequently compensate 
for damage such as defoliation by increased vegetative growth rates, thus reducing the status of 
a given pest. 
The environment, including the social environment of man, directly or indirectly is the ma-
jor cause of fluctuations in the aforementioned variables. Conversely, the response of many 
variables to environmental change is a reciprocal one, with the variables themselves causing 
subsequent changes in the environmental matrix. 
IOWA INSECT PESTS 
Although pest status is an important practical criterion for characterization of pest species 
in Iowa, other categories and descriptions of pests have been used. The diversity of pest species 
has given rise to pest categories that relate either something of the pest status or something of 
the biological properties of the species. Most of these categories are not mutually exclusive, a 
single species often falling into several categories. Some of the most frequently used categories 
derive their characteristics from these four basic areas: (1) host species, (2) zoogeographical af-
finity, (3) route of damage, and (4) economic importance. 
If notable Iowa crop pests are categorized according to their host species, most fall within the 
following three categories: (1) corn pests, (2) soybean pests, and (3) forage pests (alfalfa, clover, 
and mixtures). Agroecosystems characterized by these host species occupy about 92% (19,725,136 
acres) of the total crop acreage (21,500,989 acres) harvested in Iowa (Sutherland, 1971) and pro-
bably contain most of the insect crop-pest problems in the state. 
By numbers of notable insect-pest species in a given crop (Table 1), corn agroecosystems pro-
bably have the greatest number of known pest problems. The notable insect species of corn are 
largely below-ground pests, excepting the armyworm, the corn-leaf aphid, and the European corn 
borer. Owing to their cryptic nature, below-ground pest problems often are more difficult to 
manage. Frequently, these below-ground insects (1) have poorly known biologies, (2) are difficult 
to sample, and (3) have highly variable populations in time and space. Consequently, plants have 
been protected from below-ground pests primarily with prophylactic insecticide treatments at 
planting time. This type of approach is crude, both ecologically and economically, and can lead to 
many unanticipated problems (Doutt and Smith, 1971). 
Iowa soybean growers, compared with corn growers, have been faced with fewer insect-pest 
problems. Historically, the most significant and wide-spread problems in soybean agroecosystems 
have been caused by defoliators. Yield losses by defoliating insects have been sporadic and dif-
ficult to assess. Insect problems, however, are probably on the rise in this crop because of expand-
ing acreages and increasing market values. Daugherty (1968) pointed out that soybean-insect 
problems will probably show a lag period until soybean acreage reaches a stabilized peak. Also, 
as new, more "efficient" soybean varieties are developed, a propensity toward greater sensitivity 
to defoliation is probable; therefore, a projected increase in insect problems is likely. Further re-
search to understand insect populations and their effects in soybean agroecosystems should yield 
substantial dividends in the years ahead, especially because repetitive insecticide applications 
have not been necessary. As Turnipseed (1973) has stated, "Probably no other insect complex of a 
major crop affords better opportunity for immediate and long-term success with a modest re-
search effort." 
Some of the most diverse and abundant insect communities found in Iowa are present in 
forage-crop agroecosystems. The predominant plant in most of these systems is alfalfa, a host 
that also supports many of the phytophagous insects found in soybeans. Although heavy insect 
feeding and oviposition occur in alfalfa, lower crop values (as compared with corn and soybeans) 
have not previously made many insect-control programs economically feasible. With the move-
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Table 1. Notable Iowa insect pests categorized by host species.a 
Common Name 
armyworm 
black cutworm 
corn leaf aphid 
corn rootworms 
northern corn rootworm 
western corn rootworm 
European corn borer 
seedcorn beetles 
seedcorn beetle 
slender seedcorn beetle 
seedcorn maggot 
wireworms (several species) 
white grubs (several species) 
green cloverworm 
painted lady 
plant bugs 
alfalfa plant bug 
tarnished plant bug 
potato leafhopper 
stinkbugs 
brown stinkbug 
green stinkbug 
alfalfa weevil 
grasshoppers (several species) 
pea aphid 
potato leafhopper 
Corn 
Soybeans 
Scientific Name 
Pseudaletia unipuncta (Haworth) 
Agrotis ipsilon (Hufnagel) 
Rhopalosiphum maidis (Fitch) 
Diabrotica longicornis (Say) 
Diabrotica virgifera (LeConte) 
Ostrinia nubilalis (Hubner) 
Agonoderus lecontei Chaud<1ir 
Clivina impressifrons LeConte 
Hylemya platura (Meigen) 
Melanotus spp. and others 
Phyllophaga spp. 
Plathypena scabra (F .) 
Vanessa cardui (L. ) 
Adelphocoris lineolatus (Goeze) 
Lygus lineolaris (Palisot de Beauvois) 
Empoasca fabae (Harris) 
Euschistus servus (Say) 
Acrosternum hilare (Say) 
Alfalfa, Clover, and Mixtures 
Hypera postica (Gyllenhal) 
Dissosteira and Melanoplus spp. 
Acyrthosiphon pisum (Harris) 
Empoasca fabae (Harris) 
aAlthough some species listed are found in and feed upon more than one host species, only 
E. fabae is double-listed because of its prominence in soybeans and legumes in general. 
ment of the alfalfa weevil into Iowa, however, insecticide treatments were economically justified 
in some southeastern counties in 1973 (U.S. Department of Agriculture, 1973), and problems 
from this alfalfa pest are expected to increase. 
Pest categorization based on zoogeographical affinities is another common method of referring 
to Iowa insect pests. These categories generally relate to (1) species autochthony and (2) the in-
sect's seasonal cycle and overwintering behavior. In category 1 we therefore refer to introduced 
and native pests, and in category 2 we can refer to resident and semiresident pests3. 
Some of Iowa's most infamous insect pests have been imported from abroad. Most of these in-
troduced pests have been inadvertently introduced from Europe and include, among others, the 
Hessian fly [Mayetiola destructor (Say)), the alfalfa weevil, the seed corn maggot, the alfalfa plant 
bug, the pea aphid, and the European corn borer. 
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The European corn borer is one of the best examples of how an insect species introduced into 
a new favorable environment can become an important pest of a major crop. The corn borer was 
probably introduced in shipments of broom corn from Italy or Hungary between 1909 and 1914, 
and was discovered in New England in 1917. A gradual spread of the species westward ensued, 
with an all-time peak in population numbers occurring in the Corn Belt in 1949 (Brindley and 
Dicke, 1963). Losses to this insect have been considerable, having been estimated at 349 million 
dollars in 1949 alone (Metcalf et al., 1962). Corn borer losses have been reduced substantially in 
recent years because of the development of corn hybrids resistant to first-generation corn borers. 
Most of Iowa's serious insect problems, however, were not introduced from abroad. Some of 
our most difficult problems result from species native to North America. As a result of current 
continuous-cropping trends in crop production, native or indigenous species have been given the 
opportunity to spread and develop into full-blown pest problems. A prime example of this has oc-
curred with the corn-rootworm complex. 
The corn-rootworm complex is composed of three species, the northern and western corn 
rootworms, which interbreed (viable eggs produced) and the southern corn rootworm (Diabrotica 
undecimpunctata Barber). The first two species have caused the most serious problems in Iowa 
and are essentially monophagous, with larvae feeding primarily on the roots of corn. Until 1953 
only the northern corn rootworm was known in Iowa and was not a major problem, populations 
being effectively suppressed by cultural systems of crop rotation (Chiang, 1973). More recent 
trends in continuous cropping of corn produced epiphytotic populations of northern corn 
rootworms and enhanced the advance of western corn rootworms across the state between 1962 
and 1964. Today, corn rootworms remain a substantial threat to corn agroecosystems in Iowa 
and probably account for most of the insecticide usage in the state (Wallaces Farmer Research 
Department, 1972). 
Other references to pest types based on overwintering ability are as common as those based 
on autochthony. In Iowa many pests endure the rigors of winter in a quiescent, diapausing state. 
Others, lacking this ability, overwinter in favorable refugia in the southern U.S. or Mexico and 
emigrate northward, recolonizing each spring. The former are referred to as resident pests, ex-
emplified by wireworms; the latter can be referred to as semiresident pests, exemplified by the 
painted lady. 
Wireworms are larvae of elaterid beetles; both immatures and adults overwinter in Iowa 
soils. Wireworms may require 1 to 6 years to develop, during which time they can destroy the 
roots of corn and soybeans. Outbreaks occur throughout a field or in low lying "pockets" of a 
field. Wireworm problems and, indeed, wireworm research are difficult because of the unpredict-
able nature of outbreaks. 
The painted lady butterfly, otherwise known as the thistle caterpillar, has long been studied 
for its migratory habits. This species overwinters in southwestern Arizona and northern Mexico, 
with adult butterflies beginning their northern emigration in early spring. Emigrations extend 
into Canada, with gravid females dropping out along the emigration route and establishing local 
populations. The emigrants have caused epiphytotics in early soybeans (seedling stage) across 
Iowa in 1968 and in 1973. Larvae of the butterflies are defoliators, having caused growers to 
replant many fields, and in 1968 were responsible for over 100,000 acres being treated with in-
secticides (Gunderson, 1968). 
A further method of insect-pest classification and another way to look at pest diversity in 
Iowa is to consider pest types based on the path or route of their damage. Some pests damage tis-
sues of the harvested produce and are referred to as direct pests. Others damage tissues other 
than the harvested produce that relate to the general physiology of the plant, and indirectly re-
duce the efficiency of the plant's reproductive processes. Reduction in reproductive efficiency sub-
sequently results in loss of harvested produce. These indirect pests probably account for the 
greatest portion of insect problems in the state. 
Problems arising from indirect pests are often more difficult to interpret, but in many ways 
are less difficult to manage. The green cloverworm is an example of this type of problem. The 
larvae reduce soybean yields through defoliation during plant reproductive stages. Soybean 
tolerance to defoliation is relatively great, thereby allowing the plant to support considerable 
3With some resident species there may also be an influx population (not overwintering) that can 
contribute to pest outbreaks. 
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numbers of green cloverworms before actual yield reductions occur (Stone and Pedigo, 1972). A 
basic problem subsequently follows as to whether or not the species is actually a pest in a given 
field at a given time. To interpret this situation, considerable information must be available on 
sampling procedures, feeding behavior, population-age structure, expected pest mortality, and de-
foliation-yield relationships. Much of this information also is required to assess direct-pest 
problems, (e.g., the alfalfa weevil in forage alfalfa), but perhaps the economic relationships 
between tissue damage and yield loss are less variable and less difficult to understand. 
Frequent advantages of dealing with an indirect pest, as opposed to a direct pest, are related 
to plant tolerance. Crops able to support substantial populations of phytophagous insects without 
yield losses do not require complete pest exclusion when outbreaks do occur, and allow more time 
to consider alternative control strategies before serious economic losses are sustained. These ad-
vantages are extremely important if a pest-management approach to control is to be im-
plemented. 
Other categories that relate to pest classification and that are particularly relevant to pest-
management strategy are those based on severity of economic loss. Relating to the ideas of Stern 
et al. (1959), at least four pest categories can be identified. These categories are based on average 
densities and fluctuations of pest numbers in relation to what Stern et al. referred to as the 
economic-injury level or EIL. The EIL is the point at which control costs equal benefits and may 
be defined as the population intensity required to cause damage sufficient that increased 
benefits from suppression will offset the cost of suppression. The nature of EIL is dynamic, being 
influenced by the variables that affect the pest status of any insect. Therefore, EIL could perhaps 
best be expressed as a band within which the true level fluctuates. 
The pest categories relating to EIL are (1) severe pest, (2) perennial pest, (3) occasional pest, 
and (4) subeconomic pest (Fig. 2). Most of the insect pests of Iowa field crops probably fall within 
the last three categories. 
Figure 2. Schematic graph of fluctuations of major pest types and their relationship to the 
economic-injury level (after Stern et al., 1959). 
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The most difficult insect problems are caused by severe pests. These are insects whose 
average population level is above the EIL and, if insecticides are used, require regular treat-
ments to lower substantially the average level. Severe pest problems generally occur with very 
high-value crops (e.g., orchard crops), where insects are direct pests and cosmetic quality must be 
high. In Iowa our major crops have relatively modest market values, and most of our pests cause 
indirect damage. Both these factors contribute to a paucity of severe insect-pest problems. A 
possible exception to this generalization is the European corn borer in seed corn. 
Iowa State University (Stockdale et al., 1973) recommends treatment of seed corn when 25 
percent of the plants in a field show first-generation corn-borer feeding. This low damage level is 
largely created by the relatively high market value of seed corn (about $10-$12/bu.) as compared 
with field corn (about $2/bu.). The high per-bushel value of seed corn can easily offset the cost of 
insecticide treatment (about $3/acre), and very low corn borer populations can cause a I-bu/acre 
loss. Conversely, the EIL is greater for commercial corn because of lower market values and 
hybrid resistance, and the insect is not a severe pest in this crop. 
The next most serious insect problems are caused by perennial pests. These are pests whose 
average population level is below the EIL but whose population peaks more often than not ex-
ceed it. In Iowa, species of the corn-rootworm complex on continuously grown corn probably 
belong in this category. Corn plants, until now, have been protected from these insects by "in-
surance" soil-insecticide treatments at planting time. However, a good understanding of 
rootworm population levels and yield losses is still lacking. 
The occasional-pest category is represented by species whose average density is below the 
EIL and whose highest population peaks sporadically exceed this level. The green cloverworm is 
this kind of pest in Iowa soybeans. Recent outbreaks of this species occurred in 1966, 1968, and 
1973, with an average of about 200,000 acres treated with insecticides during each outbreak. 
In Iowa, subeconomic pests are represented by such species as the alfalfa caterpillar, Golias 
eurytheme Boisduval, which does some degree of damage but whose population peaks do not 
reach the EIL. For many insect species, particularly in forage alfalfa, minor losses are being sus-
tained, but control is not presently economically feasible. Pest status and, therefore, categoriza-
tion can change, however, with either a change in the average level of the population or a reduc-
tion in the EIL. 
From this review of pest categories and insect examples, it is clear that Iowa has a diversity 
of insect problems. These problems and the way in which they have been managed have had a 
major influence on the design and manipulation of the major cropping systems in the state. 
Furthermore, with the continued economic growth and importance of Iowa's agricultural com-
modities, insect problems are not expected to lessen but to intensify. This intensification will oc-
cur if for no other reason than future increases in crop values. 
INSECT-PEST MANAGEMENT RESEARCH NEEDS 
To design solutions to our pest problems in the presence of increasing crop values and in-
creasingly favorable pest environments, without sacrificing environmental quality, is the new 
challenge that faces entomologists and other crop-protection specialists. I believe that this 
challenge can best be met with an ecological approach to dealing with pests, i.e., a pest-
management approach. 
In my opinion insect-pest management is reducing the pest status of detrimental insect 
populations to levels of toleration by modulating the species' life system, while producing 
minimal alterations in the agroecosystems of which the species is a part. Pest management 
therefore implies an intimate understanding of pest-population ecology and the use of control 
techniques according to Brown (1951) "as a stiletto rather than as a scythe." 
Information needed to develop pest management programs for many Iowa insect pests is still 
lacking and will require major research efforts in both basic scientific and technological areas. 
Gonzalez (1970) most aptly analogizes developing a pest management program with building a 
house (Fig. 3). The foundation of the house includes those basic scientific areas upon which 
management strategy rests. In Iowa, we are particularly in need of more information regarding 
bioeconomics (pest numbers and yield losses) and the key factors involved in population 
dynamics of our important insect pests. Lacking this information, we have little basis for de-
veloping appropriate pest-management programs. The beams of the house represent 
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Figure 3. Schematic representation of major research needs in designing insect-pest manage-
ment programs for Iowa agroecosystems (redrawn from Gonzalez, 1970). 
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technological mechanisms that elicit a reduction in insect-pest status. Although other tactics are 
available (National Academy of Sciences, 1969), I have included only those areas that I believe 
hold the most promise in managing Iowa insect-problems in the near future, viz.: (1) developing 
ways to use insecticides selectively, (2) conserving and enhancing the natural enemy component 
already present in our agroecosystems, (3) continued development and use of resistant varieties, 
and (4) manipulating our agroecosystems in other ways as to produce less favorable physical en-
vironments for pests. A sound integration of these approaches based on an adequate understand-
ing of bioeconomics and population processes should allow the design of effective pest-
management systems - systems that can meet the challenges facing us in the years ahead. 
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THE BIOECONOMICS OF PEST CONTROL 
Vernon M. Stern1 
ABSTRACT. The narrowing of the genetic base in many crops and the indiscriminate use of 
pesticides have created problems in agriculture. The establishment of an economic threshold for 
pest species is a prerequisite to the development of sophisticated pest-management programs. 
This helps remove the uncertainty between a given pest density and its effect on crop yield. 
Insecticides have not solved pest problems; today more chemicals are being used and insect 
problems are greater than ever before. An increase in commodity price does not necessarily mean 
a greater need for crop protection. 
INTRODUCTION 
The need for pest control and the public and governmental concern over the use of pesticides 
means that agriculture must learn to control pests in ways that are economical, more lasting, 
and less harmful to the environment. 
In retrospect two major errors that occurred in variety selection and the protection of a 
number of crops have created severe problems. First, the narrowing of the genetic base in aiming 
only at highest yields often results in genetic erosion to resist insects, plant pathogens, and other 
pests. The Southern Corn Leaf Blight epidemic in 1970 is one of many examples (Smith, 1972a; 
Miller, 1973). In selecting the highest-yielding variety, an "umbrella protection" from pesticides 
is often used to eliminate the external biotic factors that might affect yield. This procedure can 
add a bias to the selection of the best-yielding variety because it tends to mask the desirable 
over-eons-evolved plant resistance (Miller, 1973). 
The second error began with the success of DDT and other insecticides, following World War 
IL These chemicals provided the most spectacular insect control ever experienced (Geier, 1966). 
Indeed, one prominent entomologist publicly advised insect taxonomists to begin collecting extra 
specimens for their museums because in a short time many pest species would be extinct. 
Since the new insecticides were so effective and very cheap, calendar-treatment schedules 
were often developed on a prophylactic basis. This approach not only ignored the complexity of 
agroecosystems, but those using the cheap, readily available pesticides ignored the importance of 
natural enemies of pests and the need for an economic threshold2 as the criterion for pesticide 
use. 
THE ECONOMIC THRESHOLD 
'.fhe economic threshold has been defined and discussed by Stern et al. (1959), Stern (1973), 
Smith (1969), Chant (1966 ), and others from an entomological viewpoint and by Headley (1971, 
1972), Hall and Norgaard (1973), Carlson and Castle (1972), Taylor (1972), and others from an 
agricultural economist's point of view. 
1Department of Entomology, University of California, Riverside, California 92502. 
2Economic threshold = The density at which control measures should be determined to prevent 
an increasing pest population from reaching the economic-injury level. The economic-injury level 
is the lowest population density that will cause economic damage (Stern et al., 1959). 
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In general, entomologists have been concerned with comparing the benefit and cost of a few 
alternative strategies to determine the immediate benefit for the individual grower, whereas 
economists have been more interested in optimization and economic behavior, rather than ac-
counting. Be that as it may, both the short-term "now" viewpoint of many entomologists and the 
broad, long-range, economic analysis have value in applied agriculture. 
Much remains to be learned about economic thresholds of pest species. Though 
entomologists, agricultural economists, and others have begun to model pest control procedures, 
Hall and Norgaard (1973) comment that sufficient knowledge is still unavailable to firm up a 
valid description or model that would apply to all pest species and situations, and that further re-
search is needed. This seems to be an acceptable analysis of the present situation in the 
bioeconomics of pest control. 
PROBLEMS OF OVERKILL 
The basic value in establishing an economic threshold for individual pest species is that it is 
an essential prerequisite to the development of sophisticated pest-management programs. This 
helps to avoid the "overkill" of arthropod populations, which has contributed greatly to many of 
our present problems. Combined with the ecologically disturbing effects from unnecessary treat-
ments is the fact that for economic reasons the selection of chemicals for world-wide competitive 
marketing is oriented toward those that will kill the widest variety of pest species (Persing, 
1965; von Rumker et al., 1970). Thus, when these materials are applied in the field, the predatory 
and parasitic species are unavoidably killed and the target pest and secondary pests are subject-
ed to selection for resistance to pesticides. 
Resistant strains have been documented in more than 225 arthropod species (Brown, 1971 ), 
and only four are natural enemies of pests. 
Since predatory and parasitic species are dependent on host density, their ability to develop 
resistance is severely hindered and often annulled by the abrupt reduction in host density follow-
ing pesticide treatment. Thus, the surviving natural enemies die without transferring resistant 
genes to their offspring. The suppression of natural enemies by chemicals often results in a rapid 
increase of the resistant pest population. Such exploding populations can lead to more frequent 
applications, higher dosages, and more kinds of insecticides because a number of pest species, in-
cluding some formerly secondary pests, may now be involved (Georghiou, 1972). One example 
was the side effects that occurred during attempts to eradicate the pink bollworm, Pectinophora 
gossypiella (Saunders ) in the desert valleys of southern California. These frequent applications 
unleashed tremendous populations of the beet armyworm, Spodoptera exigua (Hubner); cabbage 
looper, Trichoplusia ni (Hubner); spider mites, Tetranychus spp.; and cotton leaf perforator, 
Bucculatrix thurberiella Busck. The beet armyworm and cabbage looper moved from cotton to 
sugar beets and vegetable crops where they caused considerable damage, despite multiple treat-
ments, because of their resistance to pesticides (Smith, 1972b). 
From the beginning of the pesticide revolution, and even today, the concept of overkilling 
pest populations (in contrast to treatments based on economic thresholds) became a general 
policy with the pesticide industry and growers, and among mixed segments of the world's trained 
entomologists. 
The concept of overkill arose in several ways. Many growers and others associated with crop 
protection had, or soon developed, the philosophy that every pest individual in a crop represented 
some measurable monetary loss; rarely is this ever true. In addition, marketing standards on 
processed foods gradually established lower tolerances toward product appearance and insect 
fragments present. This required greater use of pesticides. Many entomologists and others dis-
pensing pesticides largely recommended their usage on the basis of uncertainty regarding pest 
density and final crop yield (Stern, 1973). This uncertainty has led to frequent erroneous judg-
ments and unnecessary control measures (Sylven, 1968). Finally, most pesticide marketing at the 
grower level in North and South America, Europe, and elsewhere has been based primarily on 
volume "overkill" sales. 
The unilateral chemical-overkill approach has not had the prolonged success that was first 
suggested. Today we are using more chemicals, and insect problems have not decreased; they are 
greater than ever before (Huffaker and Smith, 1973). 
Hard experience has revealed the hazards of overkill and the futility of grower's attempts to 
maintain agricultural crops insect-free. Good examples include cotton in California (van den 
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Bosch et al., 1971 ); in Texas and Mexico (Adkisson, 1971); in Central America, Peru, and other 
areas (Smith and Reynolds, 1972); citrus in Israel (Harpaz and Rosen, 1971); tea in Ceylon 
(Smith, 1972a); oil palms in Malaysia (Wood, 1971 ); and so forth . These biological upsets, due 
partially to lack of information on economic thresholds or failure to use available data, are all 
rather similar except that different crops and pests were involved. 
Sufficient evidence has been accumulated to indicate strongly that continued overkill of pest 
populations follows a general biological and economic pattern leading to potential or actual dis-
aster on the specific crop and for the people concerned. The general sequence of events is not 
necessarily peculiar to any crop and may occur in variable lengths of time. 
The starting point is usually the grower's narrow viewpoint of pest control and his total re-
liance on pesticides for crop protection. This practice is generally followed by more rapid re-
surgence of the pest species after treatment, appearance of secondary pests, loss of profit from 
higher costs for pest control, development of resistance, higher dosages and more frequent ap-
plications, losses in yield and profit, increased numbers of major pests, appearance of totally re-
sistant pests for the materials available for use on the specific crop, and finally a potential or ac-
tual economic disaster. 
Indeed, a total reliance on pesticides appears to create an "addicted" agroecosystem that is 
dependent on using more and more pesticides for its protection. 
SEVERITY OF PESTS 
Most crops usually have one or two "key" pests, which often change from one area to 
another. In a pest complex a key pest is one that is a perennial, persistent threat dominating 
chemical control practices. In the absence of deliberate control by man, its population density 
often exceeds the economic threshold one or more times during the season (Smith and Reynolds, 
1966). 
On cotton in the San Joaquin Valley, California, the key pest is lygus bugs, Lygus hesperus 
Knight, and L. elisus Van Duzee; in the southern desert valleys and through most of Arizona it is 
the pink bollworm. Through Texas and the South the boll weevil (Anthonomus grandis 
Boheman), pink boll worm, boll worm (Heliothis zea (Boddie)), and tobacco bud worm, (H. virescens 
(F.)), share importance or are individually the key pests in specific areas. 
Among the few thousand or so pest arthropods in world agriculture there are a limited few 
where an insecticide treatment is justifiable on a regular basis. A number of insect vectors of 
plant diseases fall in this category as do certain pests that attack aesthetic crops such as nursery 
stock and cut flowers . Rigid marketing standards for a number of vegetable and fruit crops may 
also dictate frequent treatments (Stern, 1966). 
Various gradations of severity of insect pests have been discussed by Stern et al. (1959). 
Many pests species only exceed their economic level sporadically and in individual fields and at 
special times during the season. One example is the green cloverworm, Plathypena scabra (F. ), on 
soybeans. Another more serious pest is lygus bugs on cotton. Excessive amounts of chemicals are 
commonly applied to pests of this type because of the unknown relationship between pest density 
and crop loss. 
Many examples in the literature mention pest-outbreak years when growers spend one or 
more million dollars to control the pest. However, it is well-known that the amount of money 
growers spend for pesticides is not necessarily a reliable index of whether or not the insect was 
actually causing, or would potentially cause, damage in each treated field . For example, about 
half of the insecticides used in the United States each year are applied to cotton (U.S.D.A., 1965). 
However, Adkisson (1971) comments that about 50% of this is used unnecessarily. 
Some pests may not be distributed throughout the entire field. An example in California is 
the stinkbug, Euschistus consperus Uhler, which can become very abundant in alfalfa seed fields 
during an outbreak year and move to adjacent cotton fields in August as the seed alfalfa is dried 
for harvest. When the bugs move into cotton, they often feed on maturing bolls. Their feeding 
punctures may provide entry for a fungus, Erwinia herbicola, which can reduce fibet and seed 
quality. 
The stinkbug populations usually do not move more than 100 to 150 ft into the cotton field 
(Toscano, 1973). Studies show that when 20 to 25 stinkbugs are found on 6 to 7 plants, treatment 
should be considered. Usually a strip treatment along the edge of the cotton field adjacent to seed 
alfalfa will eliminate the problem. After early September the bugs may be found resting beneath 
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the bracts on cotton bolls, but the adults have entered diapause at this time and no longer feed 
on the bolls. 
The same population density of a pest may have different effects on yield from one area to 
another. For example, under the dry, irrigated conditions in California, the pink-boll worm larvae 
in cutting an emergence hole may only destroy a single seed or lock of cotton, whereas in the 
humid South the fungus, Aspergillus flavus, often enters the emergence hole and usually 
destroys the entire boll. 
Final yields in quality, quantity, or both can be reflected by a number of direct and indirect 
plant-growth responses to the pest. The pea aphid, Acyrthosiphon pisum (Harris), will inhibit or 
retard alfalfa hay growth; lygus bugs cause a drop in the reproductive parts and encourage a 
needless vegetative growth on cotton, and they will blast flowers and shrivel the seed in an 
alfalfa seed crop. The alfalfa caterpillar, Golias eurytheme Boisduval, will reduce alfalfa hay ton-
nage, but a greater loss can occur in quality because the larvae feed on the leaves and growing 
tips of stems, which contain most of the high-quality feed value for livestock (Stern, 1973). 
Sometimes a pest species can increase to tremendous numbers in one crop or habitat where 
it is not a pest, then disperse to another crop where the invaders exceed the economic threshold. 
In such instances it is often advisable to eliminate the insect in the crop where it is not a pest. A 
good example is lygus bugs on safflower on the west side of the San Joaquin Valley, California 
(Mueller and Stern, 1974). Studies show high populations of lygus bugs occur in all safflower 
fields each year. As the safflower matures for harvest in late spring or early summer, the adult 
Lygus begin moving to cotton and 3 to 4 treatments may be needed to eliminate the invaders. 
This contrasts to a single timely treatment in safflower. Moreover, the natural enemies of other 
pests in cotton are not destroyed and they help keep bollworms, beet armyworms, and cabbage 
loopers at low levels. 
ESTABLISHING ECONOMIC THRESHOLDS 
The fundamental principle in determining an economic threshold of a pest species is to dis-
tinguish between its mere presence in a crop as opposed to a higher density that will cause a 
reasonable loss in the quality, quantity, or both of the harvest crop (Stern, 1973). In other words 
the decision to apply a pesticide should be determined by the costJpotential-benefit ratio, i.e., the 
cost of the control measure balanced against the increased value of the crop that can be re-
covered or protected. The decision should include the externalities that may arise from the treat-
ment, such as resurgence leading to a treadmill of treatments, outbreak of secondary pests, and 
so forth. 
Good plot design and reasonable control of environmental variables in plots as well as 
statistical validation of a yield/pest-density ratio are essential to establish an economic threshold 
for a pest species. Both the quantity and quality of crop yield can be important in evaluating 
damage in estimating economic loss. Assessment of quality is usually easiest when grades or 
grading systems are well established, as is true for cereal crops or cotton. With alfalfa, chemical 
analysis of quality may be used. The ultimate use of the crop can change the pest-density index 
for crop loss, e.g., the European corn borer, Ostrinia nubilalis (Hubner ), attacking fresh-market or 
canning corn (Hudon, 1968). 
Crop-yield samples are essential in determining economic thresholds. The important 
criterion is that there must be some measurable loss in the quality, quantity, or both of the pro-
duct in the untreated plots in comparison to treated plots to determine a simple costJbenefit 
ratio. An estimated loss at a given pest density may be established by empirical methods as a 
first approximation of damage but this has inherent dangers, particularly when differences in 
yield are small. In some instances, estimates of damage may be valid when the injury, such as 
cotton bolls that rot following bollworm attack, remains on the plant up to harvest time. 
CHANGES IN COMMODITY PRICE AND PEST CONTROL 
Higher price for a commodity normally increases profits for the grower, but in special in-
stances there may be a loss of potential profit. For example, the increase in cotton-lint prices 
from 1972 to 1973 changed some California growers' viewpoint on pest control. They reasoned 
that higher cotton prices demanded more crop protection and treatment of pests at lower 
densities. 
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The economic threshold of lygus bugs in cotton is 10/50 sweeps. In 1973 a few growers tried 
to keep lygus bugs at a very low density and in doing so they unleashed huge populations of the 
beet armyworm and the cabbage looper. Both insects are resistant to pesticides and their cotton 
yields decreased. 
Thus, what appeared to be a logical pest management decision to increase crop protection to 
obtain maximum yield, resulted in greater expenditure for pesticides and in decreased yield. 
The basic error of these growers' reasoning is that plant injury and crop protection are only 
correlated to commodity prices under certain conditions. 
Example I. The economic threshold has been established at a pest density of say, 15 
worms/unit sample. A treatment costs $5.00 per acre and yield will be increased about $10.00 per 
acre.3 In this example an increased price for the commodity only means higher profit when a 
treatment is applied at 15 worms/unit sample. Treatment at a lower density does not increase 
profit because no measurable damage occurs. 
Example II. Using the same economic threshold and cost of treatment stated above, there is 
no change in the pest density treatment level (15 worms/unit sample) unless commodity prices 
decline. This would shift the economic threshold to some higher pest density level to return a 
profit of two to three times the cost of treatment. 
Two significant principles of pest control are revealed from the events described from 
California. First, the economic damage that can be measured in large scale field tests with lygus 
bugs does not begin at densities much below 10/50 sweeps. Similar situations occur with many 
other pests such as the green cloverworm, Plathypena scabra (F.), on soybean (Stone and Pedigo, 
1972); the greenbug, Schizaphis graminum (Rondani), on sorghum (Teetes and Johnson, 1973); 
and so forth. With Lygus, large-scale field tests using four replicates per treatment (40 to 50 
ac/replicate) have shown a population of about five bugs/50 sweeps. Those that remained un-
treated during the growing season gave no reduction in yield or quality in comparison to plots 
treated three times when the lygus bugs reached 5/50 sweeps (Stern, 1973). Thus profit is not in-
creased by treating lygus bugs much below 10/50 sweeps, whether cotton lint sells for 34 cents/lb 
or $1.00/lb. This same principle applies to hundreds of other pests. 
Second, perfect control of lygus bugs is seldom needed, as is true with many other pests. 
Degree of control will depend on the pest and the crop in question. This permits greater and more 
flexible use of plant resistance, natural enemies, cultural controls, and other nonchemical 
methods to provide for insect-pest containment. 
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ASSOCIATION BETWEEN PLANT PESTS AND CULTURAL 
PRACTICES IN FIELD CROP MANAGEMENT 
H. E. Thompson1 
ABSTRACT. Many practices influence populations of pests in farm fields. Crop rotations are 
used to control corn rootworms, brown stem rot of soybeans, and certain weeds. At the same time 
crop rotations may contribute to the building of certain weeds, e.g. quack grass. Fertilization of 
corn with a single element sometimes increases incidence of disease. Nitrogen fertilization in-
creases stalk rot infection; adding potassium reduces infection. Tillage systems that leave plant 
residues on the soil surface increase the incidence of leaf diseases in corn. The weed complex in a 
field is changed by the tillage system used. High plant populations in both corn and soybeans 
help to suppress weed growth; and increase losses from corn borers, corn rootworms, and corn 
earworms. Also, interactions occur among cultural practices, environment, and pests under field 
conditions. 
INTRODUCTION 
Many of us know that there is an association between cultural practices and crop pests. After 
all, we learned this in our beginning course in plant pathology, entomology, or agronomy. 
However, it is not easy to find reports of research on the effect of cultural practices on pests of 
corn and soybeans in a referred journal, which is not refuted in another report in another 
referred journal or maybe even in the same journal at a later date. 
This paper will be limited to corn and soybeans. 
DEFINITION 
Cultural practices are defined in many ways, of which three are the following: (1) cultural 
practices are the manipulation of the environment to improve crop production; (2) they are the 
manipulation of the environment and the plants to improve crop production; (3 ) they are 
synonymous with agriculture. The latter is a very broad definition. For purposes of this paper we 
will use the first definition, since plant breeding and other aspects of pest management will be 
discussed in other papers during this symposium. 
THE PROBLEM 
Pests include insects, diseases, weeds, nematodes, rodents, pheasants, and probably others. 
The problems that we want to concentrate on today are insects, diseases, weeds, and nematodes. 
1Professor, Department of Agronomy, Iowa State University, Ames, Iowa 50010. 
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Practices that affect the problem 
Many practices influence the population of pests in farm fields. These include rotations, 
tillage methods, fertilization practices, depth of planting, row spacing, plant population, harvest-
ing, crop variety, and pesticides and seed used. The influence of weather on pests may override 
any or all of the practices used, in part, for pest control. 
The practice that may help to control one pest may allow the buildup of another. Let's be 
more specific and look at a few of these practices and how they affect weeds, insects and diseases. 
Rotations 
The practice of rotating crops is the most economical and effective method of weed, disease 
and insect control available to farmers only if you are looking at just a few specific pests. 
Fields with summer annual weed problems can be rotated through fall-planted small grains. 
Fields with winter annual weeds, which may be difficult to control in winter wheat, can be rotat-
ed to spring- or summer-planted crops. By contrast, a rotation containing a 2-year meadow con-
tributes to the buildup of the quackgrass population in areas where quackgrass is a problem. 
Probably the classic example of insect control with crop rotation is in corn-rootworm control. 
Corn rootworms are a serious problem in corn following corn. They are not a problem in corn 
following most other crops commonly grown in Iowa. 
Crop rotation is the only satisfactory control for some soil-borne soybean diseases. Brown-
stem rot is a prime example. Rotations, however, do not seem to have a substantial effect on corn 
diseases, such as stalk and root rot. Buckholtz and Shrader (personal communication) studied the 
incidence and the effect on yield of stalk and root rot in corn in long-term rotation experiments 
on several experimental farms in Iowa. Corn in continuous corn plots died a little earlier than 
corn following another crop, but there was no statistically significant difference in corn yields 
due to the stalk rot infestation. 
Fertilization 
Fertilization can influence pest populations and damage. Increasing nitrogen fertilization 
(Scott, Dicke, and Penny; 1965) on corn-borer infested corn reduced yields by a greater percent-
age than that of the unfertilized plots in each of the three years that the experiment was con-
ducted. In another study (Zuber and Dicke, 1964) corn fertilized with 80 lbs of nitrogen per acre 
produced stalks with a lower crushing strength and rind thickness. Plants with this level of 
nitrogen had nonsignificantly more corn-borer lesions than plants at lower nitrogen levels. 
Several studi~s (Olson, 1971; Turpin, Dumenil, and Peters, 1972) have shown that soil 
potassium is related to increased root-damage ratings for corn rootworm. Increased levels of soil 
phosphorus reduce root-damage ratings in some instances and have little effect in others. 
High nitrogen fertility level (Parker and Burrows, 1959) tends to increase the incidence of 
root and stalk rot. The higher levels of potassium fertility have a small but significant effect in 
decreasing the incidence of infection. In the same study the nitrogen-potassium ratio in leaf tis-
sue was directly related to the incidence of infection, primarily as a result of the effect of 
nitrogen fertilization. 
Tillage 
There are two reasons for tillage - preparing a seedbed and controlling weeds. Conven-
tional tillage, plus the proper herbicide or herbicides for the particular weed complex in a field, 
provides the ultimate in weed control. Herbicides are generally less effective on rough or trashy 
seedbeds. When minimum tillage is used along with a chemical such as atrazine, fall panicum 
and hemp dogbane will increase in numbers. For effective weed control with conservation tillage, 
it may be necessary to alter the type of tillage or the herbicide used to control adequately the 
weed complex. 
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Tillage practices also influence the incidence of diseases, principally leaf diseases in corn. 
Corn residues in the field are an important primary source of inoculum for the three 
helminthosporium diseases - Helminthosporium turcicum, H. carbonum, and H. maydis race T. 
Yellow corn leaf blight, Phyllosticta maydis, is also more severe early in the season in fields 
where corn residue is left on the surface. Some trials have shown an increase in stalk and root 
rots where trash is left on the surface. Others have shown a decrease in stalk and root rot with 
conservation tillage. Possibly a different organism was responsible for the rots in these experi-
ments, with conflicting results. 
Tillage methods may have less effect on insect populations than on weeds and diseases. 
Greater problems with seed-corn maggots and seed-corn beetles may occur with systems of re-
duced tillage. More extensive damage occurs where residues are heavy enough to lower soil tem-
peratures and slow seedling emergence, which prolong the period when the plant is susceptible 
to attack. Cutworm activity increases in fields with limited tillage. This increased activity is 
probably related most to oviposition preference and increased levels of survival from reduced 
tillage operations (Musick and Petty, 1973). 
Several other corn insects could be a greater problem in limited tillage than in conventional 
tillage if similar weed control is not obtained. The adults of these insects (white grubs, 
wireworms, armyworms, etc.) prefer to lay their eggs in grassy areas. 
There is little or no evidence that tillage systems have a marked effect on insect or disease 
problems in soybeans. Probably the reason for this is the paucity of research in this area. 
Grass-backslope terraces are an effective means of controlling erosion on rolling land. The 
grassy areas, however, harbor rodents and various insect pests such as cutworms, armyworms, 
and grasshoppers. Whereas the terraces do an effective job of controlling erosion in the field , the 
grass backslopes do harbor pests that can reduce stands in the vicinity of the terraces. 
Plant populations 
Higher plant populations in both corn and soybeans help to suppress weed growth, especially 
early in the growing season. Excessive populations, however, may be detrimental to crop yields 
for other reasons. 
Insect injury may increase with changes in plant population. For example, as the number of 
plants per acre increases (Scott, Dicke, and Penny; 1965) the percentage reduction in yield from 
corn-borer infestation increases. In corn-rootworm infested fields , as the plant population in-
creases (Turpin, Dumenil, and Peters; 1972) there are greater root damage, smaller root systems, 
lower ear count per thousand plants, greater root lodging, and greater yield loss. In a plant-
population, corn-earworm study (Widstrom, 1969) highest earworm population occurred at the 
highest plant density. 
Cultural practices-pest interactions 
In field conditions the farmer often has several problems in the same field at the same time. 
The question is whether these problems are additive or are interactive. For example, I have seen 
the following problems in the same soybean field at the same time: (1) iron deficiency, (2) rhizoc-
tonia rootrot, (3) thistle caterpillars, (4) atrazine carryover, (5) herbicide injury (Amiben), 
(6) hail. 
With this many problems, interaction is difficult to detect. In another instance a field had 
l 1/2 lbs of atrazine applied in 1972, and was planted to soybeans in 1973. High lime spots were 
present in the field, but no visual evidence of iron deficiency. After a hail storm the soybeans in 
the high lime area died; the rest of the field recovered. In this instance the soybeans in the high 
lime area were able to tolerate the iron deficiency, plus the atrazine carryover; but when a third 
stress, hail, was added, the plants died. In the remainder of the field the plants were able to 
withstand the stress of atrazine carryover, plus hail, and still recover. 
An example on corn occurred south of Ames in 1971. Corn was planted very early and tem-
peratures were low so corn growth was slow. Atrazine and oil were applied under cool conditions. 
A very light hail storm occurred when the corn was in the three leaf stage. Plants damaged by 
hail died. On another farm (about one mile away and owned by the same farmer ) where corn was 
planted about the same time and was sprayed with atrazine and oil the same day, but was not 
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hit by hail, plant stand was normal. Under normal conditions the hail should have caused no in-
jury to the corn. In this situation the corn could stand the stress caused by low temperatures, 
plus the atrazine and oil, but it could not withstand the third stress caused by hail. 
I've been trying to point out that interactions occur among cultural practices, the environ-
ment, and pests under field conditions. Researching these interactions would be difficult, but I 
believe attempts should be made to do it. Farmers are confronted with such interactions, and we 
need to supply them with answers based on research, rather than on opinion. 
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ASSOCIATION BETWEEN PLANT PESTS AND CULTURAL 
PRACTICES IN FIELD CROP MANAGEMENT: 
SOIL-BORNE DISEASES1 
Don C. Norton2 
ABSTRACT. The soil represents a series of microenvironments that changes rapidly in distance 
and time. The plant habitat of soil pests is often ephemeral , creating conditions that favor 
changes in numbers and kinds of propagules. Most soil-borne pests causing plant disease are in-
digenous, or are at least persistent. Maintaining pest levels below the economic threshold de-
pends upon knowledge of the soil agroecosystem, the cropped plant, and the ecological amplitude 
and optimal conditions of the parasites. Root-disease pathologists need to maintain a continual 
monitoring and assessment of the physical, chemical, and biological components of the soil as 
these components relate to disease. Some of the climatic and edaphic factors are difficult for the 
farmer to modify, but there are few about which he can do nothing. Choice of land, good drainage, 
liming, crop residues, crop rotation, fertility , and cultivation practices can be used to his benefit 
or detriment. These and other considerations present a great challenge for both disciplinary and 
interdisciplinary research. 
INTRODUCTION 
Since the days of early agriculture, cultural practices often unknowingly were important in 
control or prevention of plant disease epidemics. As old crop land "wore out"; cultivation was 
shifted to "new land". As new land became less available, however , farmers were forced to 
cultivate the same land more continuously and to intensify cropping systems in order to feed an 
expanding population. These practices often increased the population size of plant pests; 
under favorable environmental conditions resulted in severe disease outbreaks, frequently mak-
ing land unproductive for certain crops. With the concern of adding increased amounts of 
pesticides to the soil, the agricultural ecologist will be asked to take a more important part in 
minimizing the hazards of intensive agriculture. 
The subject of cultural practices in field crops relative to soil-borne diseases is an immense 
one, in which I will minimize or omit certain important aspects. Emphasis will be placed on my 
own specialty of plant nematology, but hopefully many examples in other disciplines will provide 
a broader picture. Even so, a complete treatment of any area is not provided and extensive re- -
views are available for many of the topics discussed. 
Before progressing with specific examples of ways that cultural practices have modified dis-
ease occurrence, we should consider briefly some of the problems facing the root-disease 
pathologist. These are (1) complexities of the soil; (2) effects of multiple organisms involved in a 
disease syndrome, either in an independent or interrelated manner; and (3) problems of pure-
culture research. These problems have been noted for years, but they are something about which 
1Journal Paper No. J-7908 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project No. 1898. 
2Professor, Department of Botany and Plant Pathology, Iowa State University, Ames, Iowa. 
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we constantly need to be reminded as they should affect our thinking of the whole 
problem. 
Soil complexities make analysis of population changes of soil-inhabiting organisms difficult, 
because, with rare exceptions, a change in one soil property creates changes in another. For ex-
ample, a change in soil moisture will alter the amount of aeration. Thus, a one-variable experi-
ment is seldom attained. The soil can represent a series of microenvironments, which can change 
rapidly in distance and time, often making interpretations of supposedly comparative data 
tenuous. In addition, techniques for studying microenvironments leave much to be desired. 
Where sophisticated models have been made, they are often so far removed from the natural 
habitat that one might question the validity of some interpretations. Inferences are often drawn 
not so much from erroneous data as perhaps from data not exactly pertinent to the 
problem. Winogradsky (1928) and Foster (1949 ) recognized that when an organism is isolated 
from the soil and cultured in the laboratory it becomes less and less like the organism that exist-
ed in the soil, and that it cannot be expected to present a true picture of the metabolic 
performance as it occurs in nature. 
Biological components are well known to be as much a part of the soil environment as are 
the physical and chemical constituents. Fawcett (1931 ) warned long ago that nature does not 
work in pure cultures, but in associations. It is well documented that one pathogen may be 
affected by others for spatial or nutritional requirements, by alteration of host metabolism or 
morphology, or by altering soil properties per se (Powell, 1971 ). These create inherent difficulties 
in methodology, and consequently in interpretations. Competitive effects of nonparasitic or-
ganisms with parasitic ones are well known in many instances, and suspected in others. These 
are factors with which the root-disease pathologist must contend before sound scientific judg-
ments can be made. 
As have been mentioned previously in this series, more different kinds of parasites are found 
in natural areas (from which our cultivated land is derived ) than are found in monocropping 
systems. It has been projected, and rightly so, that damage, or threat thereof, from any one 
parasite is smaller in many natural than cultivated areas because of the diversity of natural 
habitats. But is the total amount of disease any greater or less in a diverse habitat than under a 
monocropping system? Of the 38 or so different plant-parasitic nematodes found in the Kalsow 
Prairie in Iowa (Schmitt and Norton, 1972), only six or seven are found with any degree of fre-
quency in Iowa corn or soybean fields. While we sometimes can minimize the damage from any 
one pathogen by creating the diversity of a mixed planting, we may only be increasing the 
number of parasites and pathogens, and we might not be reducing the total disease. 
Soil organisms occupy quite different habitats from those of pathogens attacking foliage. The 
former are ever present - indeed, many are probably indigenous - and are persistent. Many 
foliage pathogens, especially fungi and bacteria, are facultative saprophytes; they can survive, 
grow, and sporulate on decaying debris. Their increase is often facilitated by millions of acres of 
continuous substrate with relatively little competition from other organisms. The complex en-
vironment of the soil, however, provides an essentially hostile environment for many organisms 
through competitive action with other organisms and with adverse edaphic factors. This does not 
imply that plant parasites in the soil can be eliminated easily, but it does provide us with tools 
by which manipulation of the environment will enable us to maintain many parasitic organisms 
below the economic threshold. 
Cultural practices employed to reduce the amount of disease are usually aimed at reducing 
the amount of inoculum. With nematodes this usually is most critical during the early and mid-
developmental stages of plant growth. The life cycle and population dynamics of the parasites 
must be known as they occur in different habitats. An important challenge for man today, 
especially from an agriculturist's point of view, is to manipulate the agronomic practices to serve 
better the expanding population. This can be accomplished in part by manipulation of the crops 
themselves, and in part by the manipulation of man's environment without destroying the in-
herent natural resources. 
THE MICROENVIRONMENT 
Soil microorganisms inhabit an ecological niche that is more than just a chance arrange-
ment. As a result of long evolutionary processes, plant parts, along with the physical and 
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chemical components of the soil, govern the kinds of organisms that will inhabit their environ-
ment. This niche may be a root hair, a root tip, cortex, stele, or other plant part interrelated with 
the soil, and the nematode becomes an integral part of it. The ephemeral nature of many plant 
tissues, especially those being parasitized, results in constantly changing numbers of individuals 
of a parasitic species, and can lead to succession of species. Thus, parasites can create conditions 
that exceed their own ecological amplitude; and they must either succumb or migrate to more 
favorable environments, even though this may be only a few cells away. Recording the popula-
tion changes that occur is much easier than understanding the dynamics of these changes. 
Certain diseases, such as those caused by the root-knot and sting nematodes, have been 
known for decades to be more common or more devastating in certain soils and locations than in 
others. Sometimes this has a more indirect than a direct effect, and reflects the interactions of 
host, parasite, and edaphic factors. The farmer should take advantage of the microenvironment 
where possible; he may, often unknowingly , through years of trial and error "escape" the disease. 
Occasionally, he may modify the microenvironment to the detriment of the pathogen and thus to 
his benefit. 
SOIL TEXTURE 
Soil separates are important in regulating population size of nematodes in many ways; but 
evidence is accumulating that, in some instances, the amount of a given particle size per se is not 
as important in predicting nematode incidence as are the interrelationships among separates 
and of other edaphic factors. As examples, Kimpinski and Welch (1971) found that the nematode 
numbers in three Manitoba soils were correlated with nitrogen, potassium, and soluble salts; but 
not with the percentage of sand, silt, or clay. Few correlations of nematode numbers occurred 
with the percentage of sand, silt, and clay in soybean fields; but there were many correlations 
with other soil factors, including texture (Norton et al., 1971). Whereas soil particles are fre-
quently studied separately in experimental work, this seldom happens in nature. Most soils are 
heterogeneous as to particle size, consequently there are mixtures of pore sizes, moisture 
stresses, and other factors. Leeway in drawing conclusions must thus be made when comparing 
laboratory and field data. 
Knowledge of where nematodes are likely to occur, or at least increase to sizeable propor-
tions, will aid in determining possible sources of trouble; thus, one can avoid these areas for cer-
tain crops. Texture is one of the soil properties studied most in this connection. Part of this is due 
to the many field observations made relative to nematode occurrence, and part to the standard 
techniques available for texture analysis. As a result, several nematodes are known to occur 
mainly or to increase in soils of a given texture or particle size (Table 1). Some of these associa-
tions have been noted many times and probably are reliable for future predictions of nematode 
occurrence. Other associations have been reported less frequently and perhaps were based only 
on field observations or meager experimental data; these are included for future comparisons. 
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Table 1. Soil textures in which nematodes have been found or appear to be optimum. 
Nematode 
Belonolaimus euthychilus 
Belonolaimus gracilis 
Belonolaimus longicaudatus 
Belonolaimus nortoni 
Criconemoides caelatus 
Criconemoides quasidemani 
Criconemoides xenoplax 
Ditylenchus dipsaci 
Ditylenchus dipsaci 
Helicotylenchus digonicus 
Helicotylenchus dihystera 
H elicotylenchus 
pseudorobustus 
Helicotylenchus 
pseudorobustus 
Hemicriconemoides 
chitwoodi 
Hemicycliophora arenaria 
Heterodera trifolii 
Meloidogyne javanica 
Paratylenchus projectus 
Paratylenchus projectus 
Paratylenchus projectus 
Paratylenchus brachyurus 
Pratylenchus crenatus 
Pratylenchus hexinicisus 
Pratylenchus neglectus 
Pratylenchus penetrans 
Pratylenchus penetrans 
Soil found in or best soil texture 
Mostly in sand, swamp, and al-
luvial soils. 
Sand (probably B. longicaudatus 
too) 
Sand, loamy sand 
Sand 
Sand 
Found in sandy soil 
Increase greater in sandy soil 
Optimum soil-250 to 500 
microns 
Clay 
Mainly in heavier soils 
Populations higher in clay loam 
than sandy loam 
Better in silty clay loams than in 
silt loams 
Negatively correlated with silt; 
positively correlated with clay 
Fine sandy loam best compared 
with silty clay loam & loamy 
sand 
Sand 
A loamy-clay-sand better than 
sand or a sandy-clay-loam 
Soils of 61-75% sand with a silt to 
clay ratio of 1:1, 2:1, ·or 3:1 are 
best for infectivity 
Better in silt loams than in silty 
clay loams 
Mainly in heavier soils 
Populations greatest in clay foam 
than in sandy loam or fine san-
dy loam 
Best in sandy loam:>: loam 
>sand 
Large populations in sandy soils 
More abundant in heavier soils 
Mainly in heavier soils 
Soil not a factor 
In light sandy soil 
References 
Rau, 1963 
Holdeman, 1955 
Miller, 1972 
Rau, 1963 
Raski and Golden, 1965 
Raski and Golden, 1965 
Seshadri, 1964 
Wallace, 1958 
Seinhorst, 1956 
Brzeski, 1970 
McGlohon et al., 1961 
Ferris and Barnard, 
1971b 
Norton et al., 1971 
Chang & Raski, 1972 
Van Gundy and 
Rackham, 1961 
Norton, 1967a 
Elmiligy, 1968 
Ferris & Bernard, 1971b 
Brzeski, 1970 
McGlohon et al., 1961 
Endo, 1959 
Dickerson et al., 1964 
Norton, 1959; Thorne & 
Malek, 1968 
Brzeski, 1970 
Dickerson et al., 1964 
Springer, 1964; Slootweg, 
1956; Mountain & 
Boyce, 1958; Parker & 
Mai, 1956 
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Pratylenchus scribneri 
Pratylenchus thornei 
Pratylenchus vulnus 
Pratylenchus zeae 
Pratylenchus zeae 
Trichodorus christiei 
Tylenchorhynchus dubius 
Xiphinema americanum 
Xiphinema americanum 
Xiphinema bakeri 
Xiphinema index, S. 
brevicolle, X. af ricanus 
More in sandy loam than silty 
clay loam 
Utah infestations only on heavy 
clay loam soils 
Disease worse on light sandy soils 
More in light sandy soil 
Migration greatest in sandy loam 
> loam > clay 
Movement less in CL than in SL 
Common in lighter soils 
Negatively correlated with clay 
Survival and migration greater in 
silt loam than in clay loam or 
silty clay 
Widespread in sandy soils of 
raspberry in Brit. Col. 
Higher populations in heavy (32% 
clay) than in light (8% clay) 
soil. 
Thomason & O'Melia, 
1962 
Thorne, 1961 
Sher & Bell, 1965 
Jenkins et al., 1957 
Endo, 1959 
McGlohon et al. , 1961 
Sharma, 1968; Brzeski, 
1970 
Norton et al. , 1971 
Ponchillia, 1972 
McElroy, 1970 
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Cohn & Mordechai, 1970 
SOIL MOISTURE, OXYGEN, AND TEMPERATURE 
Since perfection of Wisconsin temperature tanks for the study of root diseases (Jones, 1922), 
much has been written of disease incidence and severity as influenced by temperature. In addi-
tion, the literature is replete with reports of growth studies of organisms on artificial media, 
reflecting the cardinal and thermal death temperatures. While these may help explain the occur-
rence of disease, manipulation of the soil environment to take advantage of this knowledge has 
been more difficult. Cold temperatlires have been suggested as probably restricting Sclerotium 
rolfsii (Higgins, 1927) and Phymatotrichum omnivorium (Ezekiel, 1945) to the warmer climates 
in the United States. 
While man frequently can do little about the moisture and temperature of the soil in his 
farm, some situations can be controlled. A clear plastic mulch was used to raise the soil tem-
perature for control for Thielaviopsis basicola (P. B. Adams, 1971); and the cooling effects of 
irrigation have been suspected of reducing growth of Macrophominia phaseoli in the soil, result-
ing in a better potato crop (Thirurnalachar, 1955). Increased frequency and the amount of irriga-
tion around citrus infected with Hemicycliophora arenaria decreased the population of the 
nematode, and this was linked to oxygen diffusion rates (Van Gundy et al., 1968). 
Moisture, temperature, and gas content of the soil are so interrelated that the effects of one 
on an organism may be counteracted by another. For example, many phycomycetes are favored 
by moist habitats that aid the motile zoospores, but fungi are known to vary in their oxygen and 
carbon dioxide requirements (Llanos, 1960; Mitchell and Mitchell, 1973; van der Zwet, 1958), 
which are determined to a large extent by the soil moisture. Cook (1973) has recently reviewed 
the effects of moisture stress on diseases caused by soil-borne fungi. 
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HYDROGEN-ION CONCENTRATION 
Many examples exist of plant diseases being correlated with pH. Some of this may be a 
direct influence on the parasite; in other situations pH changes may affect the host, which in 
turn alters the host-parasite relationship. Thus, correlations with pH may or may not reflect 
cause and effect relationships. 
Although nematodes appear to tolerate wide ranges in pH, there probably are limits in 
which the ions involved become toxic or alter the biological mechanisms to the detriment of the 
nematode. In reality, nematodes and pH have received little attention when compared with other 
factors. Some correlations of nematode numbers or disease incidence for pH ranges are sum-
marized in Table 2. It should be kept in mind that often only limited pH ranges were studied, 
and that if wider ranges had been incorporated more configurations would result in a bell-shaped 
curve, as suggested by the data of Ellenby (1946) and Robinson and Neal (1956). Burns (1971 ) 
also found some semblance of this when she adjusted the soil to pH 4.0, 6.0, and 8.0 - pH 6.0 be-
ing the best for several nematodes. Similar results were obtained with alfalfa when reproduction 
of Pratylenchus penetrans on "Vernal" alfalfa was significantly greater at pH 5.2 and 6.4 than at 
4.4 and 7.3 after 30 weeks (Willis, 1972). Forage yields at pH 4.4 were significantly less than at 
the higher pH values in both infested and noninfested treatments, but the poor nematode 
reproduction at pH 7.3 could not be attributed to insufficient substrate on which to feed. 
Table 2. Correlations of nematode phenomena with pH. 
Nematode or pH 
disease range Comments Authority 
Positive Correlation 
Criconemoides 3.0, 5.0, 7.0 Grape. Host growth Seshadri, 1964 
xenoplax poor at pH 3.0 
Heterodera less than 3.0- Hatch: but peaked Ellenby, 1946 
rostochiensis about 8.0 at 6.0 
Helicotylenchus 6.0-8.0 Iowa soybean fields Norton et al., 1971 
pseudorobustus 
Heterodera avenae about 5.0-7.5 Numbers in 625 Duggan, 1963 
field samples 
Heterodera schachtii 5.0, 6.2, 7.2 Cabbage pot Brzeski, 1969 
experiments 
Heterodera schachtii 4.5-7.2 Carrot Brzeski, 1970 
Pratylenchus Carrot Brzeski, 1970 
penetrans 4.5-7.2 
Pratylenchus 
neglect us 4.5-7.2 Carrot Brzeski, 1970 
Tylenchorhynchus 
nudus 5.0-6.5 Iowa prairie Schmitt, 1969 
Tylenchorhynchus 
maxim us 5.0-6.5 Iowa prairie Schmitt, 1969 
Tylenchorhynchus 
microdorus 4.5-7.2 Carrot Brzeski, 1970 
Tylenchulus 6.0, 7.5 After 11 months Van Gundy et al., 
semipenetrans 1964 
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Negative Correlation 
All stylet nematodes 6.0-8.0 Iowa soybean fields Norton et al., 1971 
Heterodera 1.0-6.5 Hatch: but best at 2.5 Robinson & Neal, 
rostochiensis 1956 
Heterodera 
rostochiensis Cysts in 53 Smith, 1929 
(presumably) peat soils 
Hoplolaimus galeatus 6.0-8.0 Iowa soybean fields Norton et al., 1971 
Meloidogyne and 
Pratylenchus about 4.5-6.2 Disease incidence Kincaid et al., 1970 
Meloidogyne incognita 
acrita about 4.5-6.5 Disease index Kincaid et al., 1970 
Pratylenchus crenatus about 4.5-7.2 Carrot Brzeski, 1970 
Pratylenchus 4.8-7.5 Vetch Morgan & MacLean, 
penetrans 1968 
Pratylenchus 
penetrans, about 4.5-6.5 Disease index Kincaid et al., 1970 
P. brachyurus 
Tylenchorhynchus 
dubius about 4.5-7.2 Carrot Brzeski, 1970 
Tylenchinae-
Psilenchinae 6.0-8.0 Iowa soybean fields Norton et al., 1971 
Tylenchorhynchus 4.1-8.5 Cabbage Brzeski & Dowe, 
dubius 1969 
Tylenchorhynchus 
nudus 6.0-8.0 Iowa soybean fields Norton et al., 1971 
Tylenchus davanii about 4.5-7.2 Carrot Brzeski, 1970 
Xiphinema 
americanum 
No correlation with pH 
Criconemoides 
xenoplax 5.0-7.0 Peach, 7 months Lownsbery, 1961 
Heterodera 
rostochiensis 3.0-8.0 Hatch rate Fenwick, 1951 
Heterodera 
rostochiensis Cyst hatch,? Peters, 1926 
Meloidogyne javanica, 3.0-10.6 Pot attractive Bird, 1959 
M. hapla 
Meloidogyne 4.0-8.5 Pineapple Godfrey & Hagan, 
1933 
Several Sand dune Yeates, 1968 
Tylenchorhychus 3.5-7.5 Swarming Hollis, 1958 
martini 
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Accounts are numerous of other diseases being more serious in soils of one reaction than 
another. Buchholtz (1935, 1938) found greater damage by Pythium to sugar beet and alfalfa 
seedlings in soils below pH 6.5 than in neutral soils. The use of a soi l below pH 5.0 prevented in-
jury by Thielaviopsis basicola to poinsettia (Keller and Shanks, 1955), and fusarium wilt of bean 
occurred mostly in a pH range of 6.3 to 6.7 (Yu and Fang, 1948). Chupp (1928) found 
Plasmodiophora brassicae favored by acid soils, and there was a strong positive linear rela-
tionship of black shank of tobacco with pH (Kincaid et al., 1970). Some of the better-known 
examples of control of a serious plant disease are those caused by actinomycetes, where applica-
tions of sulfur reduce the soil reaction below pH 5.0 (Person and Martin, 1940). Bacterial 
diseases can also be mitigated by making the soil more acid as was done by reducing the number 
of Agrobacterium tumefaciens in soil by applying sulfur (Dickey, 1961 ). 
CULTURAL PRACTICES 
Once a farmer has decided to plant a piece of land with a certain crop, certain factors are no 
longer under his control. He has made a choice; now he must make the most of it. The soil types, 
drainage patterns, and biological activities in the soil are parts of his ecosystem; and he must 
learn to live with them with their possible influences being felt for years to come. Judicious 
choice of seed, resistance varieties, irrigation and fertility practices, land preparation, plant spac-
ing, and pesticide applications can modify the ecosystem to his benefit. Planting dates can work 
to his benefit or against him. 
CROP ROTATION 
Crop rotation is among the oldest and best insurance measures for natural control of soil-
borne, disease-causing organisms. Disease increases under continuous monocropping are not un-
iversal, however, because take-all becomes less severe in some instances of continuous wheat 
(Shipton, 1973). Though the values of crop rotation were not understood until the advent of 
modern science, the practical value of crop rotation was recognized by Roman agrarians and the 
practice was widely recommended. 
Mechanization encouraged intensification of agriculture, resulting in fewer rotations. 
Agronomically, there are drawbacks and benefits to rotation, and examples here will be limited 
to the effect of crop rotation on disease. 
After such information is obtained, the benefits or adversities will have to be weighed with 
other agronomic practices. The effects of crops on nematode populations have recently been dis-
cussed by Nusbaum and Ferris (1973). 
NEMATODES 
Crop rotation is one of the more effective methods of reducing nematode populations; it is 
especially profitable where highly resistant or immune crops are available. The clover-cyst 
nematode, Heterodera trifolii, for example, can be pathogenic to red and white clovers in Iowa 
(Norton, 1967a), but corn and soybeans are immune to the pest. Thus, the nematode will unlikely 
be a problem where red clover is used in short-term pastures if the land is in a rotation with re-
sistant crops. Likewise, the northern root-knot nematode, Meloidogyne hapla, attacks soybeans 
and can cause a serious decline of alfalfa (Norton, 1969). Although the nematode is polyphagous, 
corn is immune and the ten million acres of this crop in Iowa probably keep this nematode under 
control, although periodic outbreaks occur in alfalfa and soybeans where rotation with corn is 
not practiced regularly. Two- to 4-year crop rotations with highly resistant crops are necessary to 
reduce numbers of the soybean-cyst nematode, Heterodera glycines, to a point where economic 
loss is prevented (Epps et al., 1964; Epps and Chambers, 1965; Ross, 1962). Numbers of H. 
glycines increase rapidly in the first soybean year thereafter, however, so that two successive 
soybean crops usually cannot be grown. 
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Many nematodes do not have such clear cut plant responses, however, making rotation less 
effective. This is especially true with the common migratory ecto- and endoparasites that occur 
in midwest field-crop soils. Unfortunately, we do not know the host ranges of many nematodes 
relative to field crops, but many appear to be polyphagus. The dagger nematode, Xiphinema 
americanun, probably is one of the more damaging nematodes to alfalfa and red clover in Iowa 
(Norton, 1965; 1967b), and it is common in soybean and corn fields (Ferris and Bernard, 1971a; 
Norton et al., 1971). That there might be some host differentials is suggested by rotation studies 
in Illinois and Georgia, where numbers of X. americanum were reduced in corn although the crop 
supported the nematode (Ferris and Bernard, 1971a; Brodie et al. 1969). Large numbers of 
Helicotylenchus pseudorobustus and Paratylenchus projectus were supported by all or most rota-
tions involving corn, oats, soybeans, wheat, and a legume-grass forage mixture, although signifi-
cant differences occurred among cropping systems (Ferris and Bernard, 1971a). In similar work, 
Pratylenchus penetrans and P. scribneri increased in corn and soybean plots, but P. neglectus was 
the only species to increase on wheat. P. hexincisus increased in corn but increased only 
moderately in soybean plots (Ferris and Bernard, 1967). The fact that nematode populations 
changed depending upon the rotation of field crops in Georgia is further evidence that hosts are 
important in determining the structure of populations of migratory nematodes (Brodie et al., 
1969; 1970a; 1970b; 1970c). In general, the results are fragmentary and programs need to be im-
plemented for different climatic and edaphic conditions. 
FUNGI 
Studies in Ohio over 7 years have demonstrated that corn yields increased when corn was 
.precropped for 1 year with wheat, alfalfa, or soybeans, compared with yields of continuous corn. 
Root and stalk rot generally decreased where corn was not grown continuously. There were also 
indications that corn yields may be affected by the crop planted 2 years previously (Williams and 
Schmitthenner, 1963). Richardson (1942) also found that root rot of corn was most severe with 
continuous corn and least severe when soybeans were a preceding crop in greenhouse tests. 
Preceding crops of corn with oats, wheat, or alfalfa reduced the amount of corn root rot, but a pre-
crop of timothy resulted in severe corn root rot. Corn, however, was effective in reducing the 
black root rot (Aphanomyces cochlioides) of sugar beet (Deems and Young, 1956). Brown stem rot 
of soybeans, caused by Cephalosporium gregatum, can be controlled by a rotation of 5 years in 
corn and 1 in soybeans (Dunleavy and Weber, 1967). 
Schmitthenner (1962) reported that Pythium ultimum was most common in plots cropped for 
6 years to soybeans and was least abundant in oat plots. In crop rotation studies, members of the 
P. ultimum group were highest when the last crop was soybeans or a precrop of alfalfa. The re-
verse was true when the last crop was corn, or wheat, or precrops of corn or oats. 
Foot rot of wheat, probably caused by several fungi including Ophiobolus graminis, Helmin-
thosporium sativum, Fusarium spp., Leptosphaeria herpotrichoides, Wojnowicia graminis, and 
Pythium spp. was examined in uniform cooperative crop sequence studies at seven locations in 
Manitoba, Saskatchewan, and Alberta (Broadfoot, 1934). Foot rot increased where wheat 
followed wheat, barley, or western rye grass. It was significantly reduced where wheat was 
alternated with summer fallow in a 2-year wheat or other rotation, or where wheat was alternat-
ed with oats in a 2-year, or followed oats in a 3-year, rotation. The disease decreased when wheat 
was planted late. Wheat-seedling blight, caused mainly by Gibberella roseum f. cerealis, was less 
in residue treatments, although alfalfa-seedling blight, caused mainly by Pythium ultimum, was 
affected by the crop, regardless of whether the growing plant or residue was used (Williams and 
Schmitthenner, 1960). 
In these and related studies, the soil mycofloras were examined on the basis that different 
crops and cropping systems support different mycofloras that might be antagonistic to pathogens, 
or that pathogens themselves are affected by different crops (Williams and Schmitthenner, 1960; 
Menon and Williams, 1957; Schmitthenner, 1962; Williams and Schmitthenner, 1962; Herr, 
1957). Aspergillus fumigatus was the predominate fungus isolated from soil cropped to oats con-
tinuously for 39 years; Penicillum funiculosum predominated in soil in corn for 39 years. No pre-
dominate fungus was isolated from wheat plots, but A. fumigatus, Trichoderma spp., and 
Fusarium spp. were recovered in about equal frequency. Excepting Trichoderma spp., which were 
never isolated from the oat plots, the results were more quantitative than qualitative (Herr, 
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1957). Some fungi were affected differently by corn, wheat, oats, soybeans, alfalfa, or their re-
sidues; whereas other fungi were not affected by the crop, but were affected by the instance of 
whether the growing crop or its residue was used (Williams and Schmitthenner, 1960). Menon 
and Williams (1957) concluded that the crop plant is the decisive factor in delimiting soil 
mycofloras and that physical factors such as pH and moisture and temperature changes, as 
evaluated in their tests, probably did not cause appreciable changes in the mycoflora. 
FLOODING 
Excessive moisture, either by irrigation or rainfall, can cause a reduction in nematode num-
bers or in the severity of the ensuing disease (Hollis & Fielding, 1958; Cralley, 1957; Van Gundy 
et al., 1968). In flooding tests, juveniles of root-knot nematodes were killed in land submerged for 
4 months, but the eggs remained viable. Nematodes were not found after 22.5 months and no in-
fection occurred when the soil was planted to a crop (Brown, 1933). Thames and Stoner (1953) 
found that flooding was practical in some instances, and the effects could be seen in the following 
year's crop. Irrigation is known to disseminate plant-parasitic nematodes, however, and thus 
could conceivably magnify a problem instead of mitigating one (Faulkner & Bolander, 1970a; 
1970b). 
Although long periods of flooding can be detrimental to many plant-parasitic fungi, many 
diseases are common in poorly drained soils that favor increase and dissemination of spores, such 
as bacteria or motile spores of phycomycetous fungi. These include many damping-off 
diseases in the Midwest such as those caused by Pythium debarynanum on ladino clover and 
lespedeza (Graham et al., 1957), Aphanomyces euteiches on peas (Walker & Musbach, 1939), as 
well as diseases of established plants such as bacterial wilt of alfalfa, Corynebacterium in-
sidiosum, (Koehler & Jones, 1932), and Phytophthora root rot of alfalfa, Phytophthora 
megasperma (Bushong & Gerdemann, 1959). Whereas the amount of rainfall is impossible to con-
trol, the avoidance of poorly drained areas or draining them sufficiently are measures that can 
be implemented. While practical in some instances, flooding for control of disease-causing or-
ganisms on field crops in the Midwest probably will have limited use. 
FERTILITY 
The effect of fertility in soil-borne diseases is confusing in that few generalizations can be 
made, with the exception that considering the diversity of the soil habitat and the organisms in 
it perhaps this is what we should expect. In some instances applications of nitrogen resulted in 
disease increase, in others disease was reduced, and in others nitrogen apparently had no effect 
on disease. 
Nematodes 
It has often been stated that damage to plants by nematodes can be partly overcome by ap-
plications of fertilizer that stimulate root growth. Even though this favors increase in size of the 
nematode population, the plant literally outgrows the damage caused by the nematode. This is 
not always true, however, as a point is sometimes reached where sheer numbers of pathogenic 
nematodes result in crop loss despite adequate or excessive application of fertilizer. 
Nitrogen 
Nitrogen has two effects on nematode populations. Its application can result in more 
nematodes, as shown with Heterodera glycines, presumably by stimulation of root growth, thus 
providing more feeding and multiplication sites (Ross, 1959). Most other reports state that 
addition of nitrogen results in decreased nematode numbers. Among the nematodes studied are 
Helicotylenchus pseudorobustus and Hoplolaimus galeatus on corn (Castaner, 1966), Pratylenchus 
penetrans (Patterson & Bergeson, 1967; Walker, 1971 ), Heteroderaglycines on nonnodulating soy-
beans (Ross, 1969), Belonolaimus longicaudatus in turf (Heald & Burton, 1968), and Meloidogyne 
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incognita on lima beans (Oteifa, 1955 ). The ammonia produced has been suggested as an ex-
planation for this phenomenon (Oteifa, 1955; Eno et al., 1955; Walker, 1971). All forms of 
nitrogen are not equally effective, however. Nitrate nitrogen was least effective in reducing 
number of P. penetrans (Walker, 1971 ), and Heald and Burton (1968) found that organic nitrogen 
reduced number of Belonolaimus longicaudatus and Hypsoperine graminis on turf more than did 
inorganic nitrogen. Unless obvious phytotoxicity resulted, the decrease of nematodes with in-
creasing amounts of nitrogen cannot be accounted for by less root tissue being available to the 
nematodes, since most data that include root weights indicate that the latter increase with in-
creased nitrogen. Oteifa (1955) speculated that ammonia ions inhibit hatching of eggs of M. in-
cognita since after hatching an infection occurred, nematodes developed normally in the host. 
Nematodes in Manitoba soils generally decreased in clay with increasing nitrogen, but numbers 
increased in sand with increased nitrogen, indicating interactions with other soil properties 
(Kimpinski & Welch, 1971). 
Potassium 
Little has been done with potassium and nematodes. It is difficult to separate the effects, if 
any, of the potassium added to that occurring naturally in the soil. Some observations have been 
made, however. The largest numbers of Pratylenchus penetrans in sour-cherry orchards in New 
York occurred under potassium deficient trees. Application of K2S04 at 0 to 5 pounds per tree in 
the absence of phosphorus increased numbers of Xiphinema americanum and also increased top 
growth. When 5 pounds K2S04 were added per tree, the numbers of X. americanum decreased, 
but root growth increased (Kirkpatrick et al ., 1964). In the use of deficient-, optimum-, and ex-
cessive-potassium application to lima beans, only minor differences were noted in Meloidogyne 
incognita development between entry into the roots and development into fully grown females. 
As potassium was increased, however, development from fully grown females to maturity and 
egg deposition proceeded more rapidly (Oteifa, 1953). At low levels of inoculum the reproduction 
rate was apparently limited by the amount of potassium available. At higher inoculum levels 
and higher rates of potassium, the rate of reproduction correlated more with the amount of root 
tissue available and competition with other nematodes rather than with potassium (Oteifa, 
1951). 
Other work also indicates that increasing the potassium favors nematode or disease develop-
ment, but it is not always true. Root-knot and coarse-root of tobacco were positively correlated 
with the amount of K20 applied with maximum disease occurring at application of 880 lb per 
acre (Kincaid et al., 1970). Low levels of potassium retarded the rate of M. incognita development 
in cucumbers, but development was accelerated at higher rates of potassium. The final popula-
tions in the roots were significantly increased with excess potassium. Meloidogyne jauanica and 
M. hapla were not influenced by potassium (Marks & Sayre, 1964). Oteifa (1952) found that in-
creased potassium overcame the effects of M. incognita in lima beans; later, Oteifa et al. (1965) 
reported that potassium initially increased the numbers of Tylenchorhynchus latus around cot-
ton, but that this did not continue beyond the early stages of cotton growth. Unfertilized plants 
were generally least tolerant to the nematode despite the lower levels of infestation. 
Phosphorus 
As is well known, phosphorus is important to plants, but there are few observations 
relative to nematodes. Kirkpatrick et al. (1964) observed that an increase in phosphorus in the 
absence of potassium increased numbers of X. americanum around sour-cherry trees. 
Calcium 
Again, little information exists on the direct effect of calcium on nematodes in the soil. Even 
in disregarding the indirect effects of calcium through plant growth, evaluation of its 
effects is still difficult since most additions also increase the soil pH. Root-knot and coarse-root 
varied with the amount of CaO applied to the soil (Kincaid et al., 1970), and numbers of 
Radopholus similis were reduced after heavy applications of high calcium lime (Tarjan, 1961). 
Plant growth was adversely affected by large amounts of calcium lime in the latter instance, 
however. 
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Wheat plots treated annually for 10 years with 5-20-20 N-P-K contained plants with a lower, 
seedling-blight incidence, and less root rot caused by Fusarium spp. compared with plants in 
plots with no fertilizer (Warren & Kommedahl, 1973). Takeall of wheat, Ophiobolus graminis, 
was reduced by ammonium-nitrogen when nitrification was slowed, but the disease was severe 
when no nitrogen was added. Addition of lime negated the effects of ammonium-nitrogen (Smiley 
& Cook, 1973 ). The form of nitrogen is important in disease development. The severity of 
Fusarium wilt of chrysanthemum was decreased with nitrate nitrogen, compared with half am-
monium, half nitrate-nitrogen (Woltz & Engelhard, 1973). The number of Fusarium propagules 
was reduced in the NH3 retention zone when anhydrous NH3 was applied, but there was no 
marked reduction of propagules in the tillage area (Smiley et al., 1972). Similar reductions of dis-
ease or of their propagules with applications of nitrogen have resulted with Rhizoctonia solani on 
snap beans (Davey & Papavizas, 1960), and Verticillium wilt of tomato (Wilhelm, 1951 ), among 
others. Increased disease, as a result of increased nitrogen, has been reported for Rhizoctonia 
solani on turfgrass (Bloom & Couch, 1960), and corn stalk rot (Otto & Everett, 1956; Pappelis & 
Boone, 1966). Disease severity caused by Sclerotinia homoeocarpa on turfgrass decreased under 
low nitrogen nutrition, but high nitrogen had no effect (Couch & Bloom, 1960). An increase in 
nitrogen relative to potassium at medium to high levels increased stalk rot, but there was no ef-
fect at low levels of potassium (Thayer & Williams, 1960). There was no significant difference in 
cornstalk rotting under nitrogen and no-nitrogen treatments (Abney & Foley, 1971 ). 
Potassium 
Potassium has been correlated with different amounts of disease, with indications that the 
relationship of potassium to other elements is important. Fusarium wilt and root rot of red clover 
were reduced when potassium was added (Chi & Hanson, 1961 ), ·and stalk rot of corn was de-
layed or reduced with increased potassium (Abney & Foley, 1971; Otto & Everett, 1956). A 
decrease in cornstalk rot with increased potassium resulted at low nitrogren levels, but 
potassium had no effect at medium nitrogen concentrations. Stalk rot increased with an increase 
in potassium at high nitrogen levels (Thayer & Williams, 1960). In other experiments with stalk 
rot, the severity of disease was variable in potassium treatments (Pappelis & Boone, 1966) and 
the disease was less severe with a balanced potassium:nitrogen ratio than with an excess of 
nitrogen (Otto & Everett, 1956). Couch and Bloom (1960) reported that high or low levels of 
potassium had no effect on Sclerotinia dollar spot of turf. 
Phosphorus 
Stalk and root rot of corn were reduced with an increase of phosphorus in gravel culture 
(Thayer & Williams, 1960), and Pappelis and Boone (1966) found an increase in the percentage of 
corn plants with dead tissues in the nodes in phosphorus-treated plants. Neither high nor low 
levels of phosphorus influenced Sclerotinia dollar spot of turf in sand culture (Couch & Bloom, 
1960). 
LIME 
There is evidence that lime affects the severity of root diseases, but the effects may be in-
direct as a result of pH, or of other changes in the soil, or of effects on the host. Buchholtz (1938, 
1942) noted an increase in emergence or survival of sugar-beet or alfalfa seedlings with the ap-
plication of lime in soils infested with Pythium debaryanum. Other favorable responses to lime in 
reducing the amount of disease have been shown with Fusarium wilt of chrysanthemums (Woltz 
& Engelhard, 1973; Engelhard & Woltz, 1973), and Fusarium wilt of tomato (Jones & Overman, 
1971 ). Lime generally negated the control of take-all of wheat that was gained by addition of am-
monium nitrogen (Smiley & Cook, 1973). 
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CROP RESIDUES AND OTHER ORGANIC AMENDMENTS 
Crop residues and other organic amendments have long been used in efforts to modify the 
incidence of plant disease. Disease has been greatly reduced in some instances but in others 
there has been no effect, or the disease was actually increased. The theory behind use of 
organic amendments is that the products of decaying debris, and their degradators, will have a 
direct detrimental effect on the parasite or that they will have an indirect effect by increasing 
the number of nonparasitic or less pathogenic competitive microorganisms. Thus, such amend-
ments have been used in attempts at biological control. 
Nematodes 
Ever since Linford et al. (1938) reported that chopped pineapple or other plants, when in-
corporated into the soil, caused a reduction in root-knot galling, interest has centered in the use 
of organic matter as a possible means of nematode control. The authors speculated that plant de-
composition results in an increase in animal and plant life destructive to plant-parasitic 
nematodes. These forms could include predacious fungi , parasitic nematodes, mites, and other 
forms of life. While parasitism is undoubtedly important in controlling nematode populations in 
some instances, increased attention has been given to other explanations, such as the production 
of toxic products during decomposition processes. 
A number of organic amendments have been turned under as green manure. These include 
ground tobacco stems (Miller et al., 1968), alfalfa pellets or hay (Mankau, 1968; Mankau & Min-
teer, 1962), lespedeza hay or oat straw, flax hay (Johnson et al. , 1967), peat moss (O'Bannon, 
1968), and plant products such as sawdust (Singh et al., 1967 ), paper, cottonseed meal (Miller et 
al., 1968), cornmeal, soybean meal and oils (Walker, 1969; Walker et al., 1967), oil cakes (Singh & 
Sitaramaiah, 1966), cotton waste, sugar beet pulp, castor pomace (Mankau & Minteer, 1962; 
Lear, 1959), chitin (Bergeson et al., 1970), chitin, cellulose, and mycelial residues (Miller et al., 
1973), and animal manure or products (Bergeson et al., 1970; Mankau & Das, 1969; Mankau & 
Minteer, 1962), and other organic amendments (Heald & Burton, 1968). The degree of control has 
been variable but most amendments have been somewhat effective. Mankau and Minteer (1962) 
tested eight organic compounds and found that only steer manure failed to reduce substantially 
the numbers of Tylenchulus semipenetrans juveniles in 84 days. Mankau (1968) found that by us-
ing alfalfa green manure or steer manure the numbers of juveniles of M. incognita remained 
about the same in organic amendments as in inorganic amendment treatments, but the infectivi-
ty and survival were reduced in the organic amendments. While incorporation of green manures 
into soil has been effective in reducing disease, Johnson et al. (1967) found that nematicides were 
generally superior to crop residues in tests with Meloidogyne incognita. Environmental factors 
such as temperature, moisture, and pH are important relative to the degree of control obtained 
(Johnson, 1962). Generally, use of organic amendments has given enough encouragement to con-
tinue further work. The quantity of organic amendments needed to effect nematode control , 
however, often exceeds practical supply or implementation. 
Though interest has been great in the practical results of adding organic matter for 
nematode control, interest is increasing in the mechanisms behind the action of control. Much of 
this work has been based upon the association, correlations, and isolation of chemicals from soil 
or decomposing debris that appear to be toxic to nematodes. Extracts of decomposing plant re-
sidues from rye were selectively nematicidal to Meloidogyne incognita and Pratylenchus 
penetrans, but higher concentrations were required to immobilize Rhabditis, Cephalobus, or 
Plectus (Patrick et al., 1965). Sayre et al. (1965) reported that extracts from decomposing rye and 
timothy were selectively nematicidal to the same parasitic nematodes under laboratory and field 
conditions. The extracts were not toxic to saprobic nematodes when used at the same concentra-
tions that immobilized parasitic nematodes, however. Butyric acid was one agent identified as 
toxic. Also, rapidly decomposing organic matter in cornmeal-amended soil planted to rice has 
been found to result in a rapid kill of nematodes. N-butyric acid and lesser amounts of propionic 
acid increased rapidly in cornmeal-treated soil. Amounts of butyric acid comparable to those 
found in the treatments killed all nematodes within a few hours. These acids are produced by 
Clostridium butryicum, which were present in the tests (Hollis & Rodriguez-Kahana, 1966). 
There is also evidence that the fulvic acid fraction in soil is detrimental to nematodes (Elmiligy 
& Norton, 1973; Ponchillia, 1972). 
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Fungi 
There are many instances where organic amendments reduce root rots caused by fungi. 
These include root rot of bean caused by Fusarium solani f. phaseoli, Rhizoctonia solani, and 
Thielaviopsis basicola (Snyder et al., 1959) in the greenhouse with the addition of barley straw, 
wheat straw, corn stover, and pine shavings where there was a high C:N ratio. At higher 
nitrogen levels, as by addition of green barley hay, disease severity was increased. Root rot was 
also increased by adding soybean and alfalfa residues having a low C:N ratio. Addition of 
nitrogen offset the beneficial effects of mature barley straw. Later it was found that barley straw 
suppressed the disease, but only populations of R. solani were reduced in the soil (Maier, 1961). 
Similar results were found in further work with R. solani; but oak sawdust was inferior to soy-
bean, corn, or oat amendments (Davey & Papavizas, 1960). Five green amendments suppressed 
the Rhizoctonia disease of beans and increased the numbers of rhizosphere fungi, streptomycetes, 
and soil bacteria. Corn and oats were most effective; sudan grass was least effective. Green snap 
bean and buckwheat amendments were intermediate (Papavizas & Davey, 1960). No relationship 
was found, however, between disease severity and bacterial numbers. In other work, alfalfa hay, 
corn stover, and cabbage tissue reduced red rot of sesame caused by Thielaviopsis basicola in 
greenhouse tests but there was no significant control in the field , cabbage not being tested 
(Adams, 1971). 
That incorporation of organic matter may be beneficial over a wider spectrum of plants and 
fungal parasites is indicated by similar studies with Verticillium wilt by addition of blood meal, 
fish meal, and cottonseed meal (Wilhelm, 1951); with Fusarium root rot of wheat by wheat refuse 
(Warren & Kommedahl, 1973); with potato scab caused by Actinomyces scabies (Millard & 
Taylor, 1927); and with Phymatotrichum root rot in irrigated cotton in Arizona (King et al., 
1934). More extensive discussions of plant residues on root diseases, especially of the toxic effects 
of residues on roots, are provided by Patrick et al. (1964) and Patrick and Toussoun (1965). 
BIOLOGICAL CONTROL 
Plant pathologists have not been as successful as the entomologists have in controlling pests 
by biological means other than resistance. While the literature is replete with records of soil or-
ganisms that parasitize, infect, and even capture nematodes, control of nematodes by these 
methods has not yet been put on a practical scale. Perfection of the techniques, however, offers 
the farmer another tool by which he can modify the soil environment to his benefit. Parasitic or-
ganisms that can kill nematodes are abundant in the soil and can be isolated read-
ily. These include fungi (Duddington, 1957), bacteria (Adams & Eichenmuller, 1963), 
actinomycetes, nematodes, and other animals. A viral disease of nematodes has even been 
described (Loewenberg et al., 1959). Most work has been done with the fungi that capture 
nematodes, and the theory of control of parasitic nematodes is to modify the soil so as to increase 
the parasitic fungus, which in turn can parasitize the nematodes. This has usually been attempt-
ed through organic manuring (Duddington, 1957), and has met with limited success in 
greenhouse and small plot tests. It is often difficult to identify increased yields with control of 
the nematode or with beneficial effects of manuring (Duddington & Duthoit, 1960). This is im-
material to the practical farmer, however. Although the results to date leave much to be desired 
in biological control as a practical means of nematode control, further research is warranted in 
hopes of providing an alternative to pesticide use. There are several reviews on the subject, the 
latest of which is that of Webster (1972). Investigators of diseases caused by fungi have met with 
little more success in the area of biological control. There has been much descriptive work, but 
little practical control. Possibly greater advances have been made, however, on the competitive 
nature of organisms as modified by soil amendments. Much has been written of the competitive 
saprophytic ability of soil fungi, based on parasitism and competition for nutrients. The reader is 
referred to the many review articles and books on the subject (Garret, 1956 and 1970; Baker, 
1968; Boosalis & Mankau, 1965). Although past results in biological control have been largely 
disappointing, the ingredients are there except the know-how of utilizing them. 
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RESISTANCE 
Resistance is a form of biological control (Sewell, 1965), and is a cultural practice commonly 
used to minimize pest populations. Since it is unique in that it directly involves the physiological 
characteristics of the plant being grown, it is usually discussed as a separate entity from the 
common forms of biological control involving predation, antibiosis, and competition. Because re-
sistance is discussed elsewhere in this symposium, I will only mention that resistance is a re-
lative phenomenon and may often be successful only with a given pathogen when no other 
parasites are involved. The many references to the "breaking" of resistance by nematodes in-
dicate the presence of modifying factors. As examples, the sting nematode Belonolaimus 
longicaudatus increased the amount of Fusarium wilt in resistant cotton (Holdeman & Grahm, 
1954). Pratylenchus penetrans 'broke" the pea resistance to Fusarium wilt (Oyekan & Mitchell, 
1971 ), and resistance to bacterial wilt of alfalfa was "broken" by Ditylenchus dipsaci (Hawn & 
Hanna, 1967). This is not a universal phenomenon, however, as the root-knot nematode 
Meloidogyne did not affect the amount of Fusarium wilt in resistant or immune varieties 
(Fassuliotis & Rau, 1969; Harrison & Young, 1941 ). More extensive treatments are given by 
Powell (1971). This is an aspect of pathology that is often overlooked despite being well 
documented, and one that the breeder and pathologist should approach jointly. 
Cultivation Practices 
Frequent cultivation of the soil between harvest and planting is among the best means of 
nematode control. During cultivation, nematodes are dispersed and the food source and protec-
tive debris are broken up with the result that many nematodes die of starvation, or cannot sur-
vive the hostile environment of the soil. If survival occurs thro.ugh the winter, many nematodes 
die in the spring through inability to find food sources. This is evidenced by a population dip 
after an initial spring peak that was attributed to hatching of eggs (Castaner, 1963; Norton, 
1963). 
Soil inversion 
Plowing of fallow land in which soil at the medium to lower depths is brought to the surface 
has been used to reduce nematode numbers by exposing them to the heating and drying 
effects of the sun (Godfrey 1947). The opposite of this has been used to control Verticillium wilt 
of peppermint in muck soils (Green, 1958). Soil below 12 to 18 in, which did not contain the 
fungus, was inverted with soil in the upper layers, which contained the fungus, by deep plowing 
so that plants would at least start growing in an essentially "wilt-free" soil. A somewhat similar 
application has been used for control of Sclerotium rolf sii in peanuts where weeds and crop re-
fuse, on which the fungus grows, are placed at a depth below which the fungus is usually found 
(Boyle, 1952 and 1956). Deep plowing in which fungus-free soil was brought to the surface was 
effective in some instances for control of Pythium debaryanum in alfalfa seedlings (Buchholtz, 
1942). 
SUBSOILING 
Subsoiling, or breaking up of the soil below the plow layer, has reduced the severity of infec-
tion with Fusarium solani f. sp. phaseoli in beans (Burke et al., 1972 and 1972b). Although 
Fusarium propagules were fewer in the subsoil where many bean roots entered, part of the yield 
increases was attributed to increased root depth and volume and not so much from reduced infec-
tion. Subsoiling beneath the drill row at planting was more effective in reducing the apparent 
amount of disease than subsoiling between the rows before planting or after emergence. 
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CONSERVATION TILLAGE 
Conservation tillage has been discussed by Boosalis et al. (1969) relative to corn diseases in 
the Midwest. While indicating that yields from minimum-tilled-planted corn were equal to those 
in conventionally prepared land in Nebraska, the author mentions the paucity of information re-
garding disease in minimum-tilled corn. 
While I noted earlier that many crop residues seem to favor a reduction of many pests, 
especially nematodes, that is not the whole story. We know that the soil is a hostile environment 
for many pests and that the roots protect them through adverse conditions. If these roots are not 
broken up and the nematodes are not exposed to the adverse effects of the soil, there probably 
will be greater nematode numbers in the spring with which to infect the succeeeding crop. More 
research is needed on comparative survival. Although these endoparasitic nematodes can be con-
trolled by systemic nematicides, part of our goal in this environmental age is to use less 
chemicals, not more. 
CONCLUSION 
Only a few examples have been cited of the interrelationships of soil pests to their environ-
ment. Nothing was mentioned about the effects of row spacings and plant populations on soil-
borne diseases, for which we have little data, but we are vitally concerned with the problem. The 
home of soil pests is a complex environment the study of which involves many disciplines. It thus 
presents a unique opportunity for integrated programs and interdisciplinary research. While the 
literature is voluminous on several of the aspects discussed, more research is needed before many 
of the control possibilities can be implemented by sound scientific practices. Because of the 
variabilities of the soil within short distances, generalities must be approached with caution. 
Diversity of the ecosystem is a theme that has been running through this symposium; yet 
more emphasis is being placed on Iowa as a corn and soybean state with greater and greater in-
tensive cultivation. Intensive cultivation with its uniformity runs c~ntrary to diversity. Perhaps 
we should think in the long run about smaller disease losses through more diverse agriculture 
instead of more serious problems resulting from intensification. The long range effect would pro-
duce more diversity in the agricultural ecosystem, the benefits from which would have to be as-
sessed with other economic and ecological considerations. 
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USING HOST PLANT RESISTANCE TO MANAGE 
PATHOGEN POPULATIONS 
Walter R. Fehr1 
ABSTRACT. Comparisons are made between the philosophies of control relative to man's ability 
to eradicate plant diseases, and of management relative to our ability to direct the formation of 
new races of a pathogen. Breeding approaches, such as multilines, are discussed for the purpose 
of minimizing possibilities of crop failures from epiphytotics. The broad concept of genetic 
diversity, as related to pest control , is discussed from four aspects, namely: (1) collection and 
preservation of wild and domestic germplasm, (2) assimilation or use of different parents in de-
veloping new cultivars and hybrids, (3) production of genetically diverse cultivars by farmers, 
and (4) evolution of new germplasm for future generations. 
* * * * * * * 
The development of new terminology for describing old ideas is a common practice in 
science. The new terminology can clarify a situation or it can lead to the misconception that ac-
quired new knowledge negates the old verbiage. Use of the word "management" in the title of 
this symposium is an example of the use of new terminology applied to old ideas that can lead to 
misconceptions. "Management" is a word chosen to replace "control". 
In this paper I would like to present the following thoughts. First, that control is the 
scapegoat for an incorrect philosophy about man's ability to eradicate disease. Second, that 
management implies that we can direct the formation of new races of a pathogen, when in fact, 
we do not seem to have that power. Third, that the reason we are interested in breeding ap-
proaches, such as multilines, is not to direct the evolution of a pathogen, but rather to minimize 
the possibility of crop failure from a disease epiphytotic. 
My concern about the word "management" began when I tried to identify the new 
knowledge that made "cuntrol" a useless word. Why did they say "manage pathogen populations" 
in the title of this session? I was concerned that new knowledge was available that I had been 
overlooking. 
After some investigation I have concluded that the reason "control" has fallen into disrepute 
is because some people have equated control with eradication. In my dictionary the word control 
is never defined in terms of eradication; in fact, control and management are defined almost as 
synonyms. 
Control has fallen into disrepute because it is associated with an era when scientists thought 
they could eradicate a pathogen with the right resistance gene. We have learned from experience 
that man is not as powerful as he thought he was. The crafty pathogen undergoes genetic 
changes by mutation and other processes, and can circumvent many of the host-resistance genes 
that we throw at it. The new philosophy is that we must keep the level of a disease below the 
economic threshhold, rather than try to eradicate it. We have admitted our human frailty and 
recognize that pathogens are not a soft touch. To express this new-found wisdom, the word 
"management" emerged. Control is no longer useful because it reminds us of the wrong 
philosophy, namely, disease eradication. So for those of you who go in search of the new 
knowledge that is responsible for dropping the word control, don't be upset when you don't find 
too much. Control is the scapegoat for man's ignorance. 
1Professor, Department of Agronomy, Iowa State University, Ames, Iowa, 50010 
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What possible problem could the use of the new word "management" cause for us? Manage-
ment for me implies that we can intelligently direct and regulate the unit to be managed, name-
ly, a pathogen. It suggests that somehow we can prevent new races of a pathogen from develop-
ing or can guide its evolution in a meaningful way. The proponents of the management concept 
are those who often talk about multilines and gene deployment. So it is not too surprising that 
multilines and gene deployment can be construed as some magic potion for manipulating the 
pathogen. 
Multilines or blends are not necessarily magic potions for manipulating the pathogen. They 
do not influence genetic changes in the pathogen. The pathogen can form a new race when it 
wants. If the new genotype of the pathogen permits it to attack a plant that formerly was resis-
tant, it will do so, weather permitting. The attack will occur if that formerly resistant plant is in 
a multiline or a pure variety. And it will attack the formerly resistant plant if the gene for host 
resistance was deployed in Texas or Iowa. Tolerance, multilines, and gene deployment do not 
manage the formation of new races of a pathogen. They do not prevent the race from attacking 
plants that formerly were resistant. For that reason I think it is a misnomer to speak of manag-
ing pathogen populations. A breeder manages genes to control a plant pathogen. 
The purpose of a multiline or blend is to minimize the probability that a new race will 
destroy a large acreage of a crop. A multiline is simply a blend of similar lines that possess dif-
ferent genes for disease resistance. If a new race of a pathogen develops, the probability is low 
that all resistance genes present in the blend will be ineffective. Therefore, the probability of 
crop failure is reduced. The multiline does not necessarily prevent the expression of the new race, 
but it may reduce the damage it can cause. 
Overestimating what a multiline or blend can do for directing the evolution of a pathogen 
can lead to inappropriate applications. I should call them stupid mistakes since I fell into the 
trap myself. I made the suggestion that perhaps we should grow mixtures of resistant and sus-
ceptible soybean cultivars for control of Phytophtlwra root rot. A mixture of Amsoy, a susceptible 
cultivar, and Amsoy 71, a resistant cultivar, might be a possibility. I reasoned that the suscepti-
ble cultivar would give existing races something to live on and the old races would outcompete 
any new races. Therefore, the new races would have a hard time establishing themselves. 
After some investigation I learned that there is little evidence that races of pathogens com-
pete for survival. The fact that 40% of the plants in an Iowa multiline blend of oats may be sus-
ceptible to a given crown-rust race is not to give the existing races something to survive on. The 
susceptibility in the multiline is there because the breeders don't have resistance genes that con-
trol all existing races of the pathogen. The ideal of the multiline is a blend of X number of lines, 
each line possessing a different gene that confers resistance to all existing races. A multiline 
with 100% resistance to all existing races is the ultimate goal. The multiline proponents want to 
eradicate the disease if they can, but are prepared with an insurance policy if things go wrong. 
The multiline approach is valid, because it minimizes the probability of crop failure. Any ap-
proach for increasing genetic diversity should be in the best interest of agriculture. 
The oat scientists in Manitoba, Iowa, and Texas should be commended for undertaking gene 
deployment for crown-rust control. Such cooperation is not easy to achieve and should be promot-
ed whenever possible. 
My intention this afternoon is not to propose a return to use of the word "control". It was my 
intention to point out the misconceptions that the word "management" can generate. We must be 
careful that our ability to coin words does not outstrip the production of new information. As the 
Chinese proverb says "H~ who thinks inch and talks foot, puts foot in mouth". 
Thus far in my discussion I have sat in judgment of other men's ideas about pest control. In 
the remaining time I would like to put forth some of my own ideas, so those who feel offended can 
retaliate. 
The problem of pest control is related to the broad concept of genetic diversity. The latter 
became respectable in the U.S. with the threat posed by the southern corn-leaf blight in 1970. 
One of the lessons from the leaf blight was that genetic diversity is needed to cope with an ever-
changing pathogen. I would like to discuss the concept of genetic diversity and some of the means 
by which we may achieve a less vulnerable crop production system. 
A genetically diverse population is one in which the individual members possess different 
genes. Or, another way to look at it is that a genetically diverse population is one in which the 
individual members do not have the same ancestors. 
Much has been written lately about the lack of genetic diversity in most crop species. This 
lack in a breeding program creates two potential problems. It makes the crop vulnerable to unex-
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pected pest problems, and it may limit the amount of yield improvement we can make in breed-
ing. 
Diversification has four parts, each of which is important and could be discussed in great de-
tail, but today I want to take only a quick look at each so that we can be familiar with the total 
picture. 
The four parts of diversity are (1) collection and preservation of wild and domestic 
germplasm, (2) assimilation or use of different parents in the development of new cultivars and 
hybrids, (3) production of genetically diverse cultivars by the farmer, and (4) evolution of new 
germplasm for the generations of people to come. 
Collection and preservation of germplasm is unquestionably a significant part of genetic 
diversification. Much of our concern for collection of germplasm grows from the knowledge that 
centers of genetic diversity are being threatened by roads, cities, and a sophisticated agriculture 
tied to monoculture. Up to this point the energy spent talking about the need for preservation of 
germplasm has far outweighed the energy spent on collection per se. But public awareness about 
the need for preserving germplasm is growing, and increased financial support for such work 
looks promising. 
The second part of genetic diversification is the assimilation or use of diverse germplasm in 
variety development programs. The greatest use of plant introductions has been to extract genes 
for a particular purpose, such as disease control. Frequently this is done by backcrossing, which 
generally permits the breeder to transfer the desired genes into an existing cultivar without 
bringing along undesirable characteristics of the plant introduction. Use of the backcross ap-
proach is a practical means for dealing with known genes for resistance, but is has done little to 
provide genetic diversification for unexpected or unknown diseases in the future . 
Genetic diversification can be considered an insurance policy against unexpected pathogens 
that may arise in the future. Developing cultivars for the unexpected does not represent a well-
defined goal. We only know we have genes for resistance when a pathogen can attack some 
cultivars but not others. To have a known gene we must have a known pathogen. How can a 
breeder know if a plant introduction will have the resistance genes he needs for the future if he 
doesn't have the corresponding races of the pathogen to test it? The answer seems to be that the 
breeder cannot know if he has made the right selection of plant introductions and it will only be 
luck if he makes the right choice for the future. 
The lack of a scientific method for selecting plant introductions to cope with the unexpected 
is unsettling. We have examples, however, where programs aimed at genetic diversification have 
inadvertently brought in useful resistance genes. In our own program we have been trying to in-
corporate germplasm from soybean cultivars adapted to the southern U.S. In 1971 we used Mack 
as a parent. Mack is a productive southern soybean variety with Phytophthora root-rot re-
sistance. In 1972 race 3 of Phytophthora was identified in Ohio. The Mukden gene used for im-
porting Phytophthora resistance to Iowa cultivars, such as Amsoy 71 , was not effective against 
race 3. The resistance gene used in developing Mack, however, was effective against race 3. By 
having the Mack parentage in our breeding program, we have had a source of resistance im-
mediately available. Genetic diversification for the unexpected requires a certain degree of luck 
in choosing the right parent. While that is not very reassuring, to do nothing about genetic 
diversification is downright scary. 
The third aspect of genetic diversification is the use of genetically diverse cultivars by 
farmers. Two approaches that can be considered are the usage of a large number of different 
homogeneous cultivars or the usage of heterogeneous cultivars, frequently referred to as blends 
or multilines. 
In some respects we currently are using the first approach because farmers now use a 
number of different cultivars or hybrids on their farm. By growing a number of genetically 
diverse cultivars, they are insuring against total crop failure. This approach to genetic 
diversification on the farm is fairly simple to accomplish without major adjustments in our seed 
production and distribution systems. One change in philosophy that may be required is the ten-
dency to measure success of a hybrid or cultivar by the number of acres on which it is grown. In 
Iowa roughly 70% of our soybean production involves three cultivars-Corsoy, Amsoy, and 
Wayne. Better genetic diversification would be achieved by 20 cultivars of equal acreage. 
As soybean breeding programs in the state expand, primarily by private companies, we may 
achieve a more desirable diversification of cultivars. I say may because genetic diversification 
seems to be limited in corn even though a large number of companies are involved. Apparently a 
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few inbreds are extensively used in the production of hybrid corn by commercial companies. I am 
not sure how proud we should be that a particular inbred is spread over a large acreage in our 
state. 
The second approach to genetic diversification in commercia l production is the use of 
multilines or blends. The idea of blends is controversial because it involves additional work in 
breeding, seed production, and product utilization. Will the additional effort required to make 
blends or multilines be worth it? Despite the soundness of the approach, there is little en-
thusiasm for adopting it. There are many reasons for the lack of enthusiasm, but most derive 
from the extra work required to produce multilines or blends compared with homogeneous 
cultivars or hybrids. Some may say the farmer wouldn't accept nonuniformity. I consider that 
argument to be a cop out. It will be more difficult to change the attitude of scientists and ex-
tension personnel than it will be to change farmers ' attitudes about uniformity. 
The last aspect of genetic diversification is providing a means for continued evolution of our 
crop plants. Collection and preservation are fine, but mutation and natural selection can't take 
place in a jar. The pathogens will mutate and change as they always have done. But how will 
plants continue their evolution? 
One approach to this problem is the establishment of "gene" parks. A gene park would be an 
area set aside for plants to grow with a minimum of outside interference. These could be 
established by setting aside areas where plants have been evolving for centuries at or near the 
center of origin. This probably will require international cooperation. The second approach is to 
establish areas in our own state where land is set aside for 3000 years to permit the host and the 
pathogen to evolve together. We are beginning to prepare such areas for soybeans in Iowa. How 
fruitful such an approach can be will not be measured in our lifetime. But I suppose it wouldn't 
be wrong to leave a few potential resources for our descendants. 
Genetic diversification in all its four parts is a long range approach to pest control, the 
benefits of which may be difficult to assess. Although the outcome is uncertain in some cases, 
lack of any action cannot be justified based on our past experience. 
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USING HOST RESISTANCE TO MANAGE 
PATHOGEN POPULATIONS 
A Corn Breeder's Commentary 
D. N. Duvick1 
ABSTRACT. Strategies used by corn breeders and seed industry for management of pathogen 
populations include diversification of hybrid genotypes within and between geographical regions; 
changes in hybrid genotypes over time; broadening the germplasm base by introgression of 
exotic germplasm into adapted genotypes; and capability for large-scale, rapid shifts in genotypes 
of hybrid seed supplies. The dangers of over-dependence on a small number of inbred lines are 
pointed out and it is noted that in some cases recurrent selection can narrow the genetic base 
and result in populations that may be uniform in disease susceptibility. 
INTRODUCTION 
The principal speaker has illustrated a scheme of disease management based on experience 
of small-grain breeders with an airborne disease, crown rust of oats (Frey, Browning, & Simons, 
1973 ). The principles illustrated as means of managing the diseases were (a ) use of tolerant 
varieties, (b) geographical deployment of single-gene resistance, and (c) development of isolines 
containing mixtures of single genes for resistance to the disease. I shall look at the usefulness of 
this comprehensive scheme from the point of view of a corn (Zea mays L.) breeder concerned with 
development of superior hybrid varieties for the United States and Canada. This area includes 
Iowa, one of the most important and concentrated areas of corn production in the region. 
MANY CORN DISEASES 
The corn breeders in my company currently rate their hybrids and inbreds for at least 24 
different diseases, including (1) northern leaf blight (Helminthosporium turcicum Pass. ), (2) 
southern leaf blight (Helminthosporium maydis Nisik. & Miy.), (3) yellow leaf blight (Phyllosticta 
maydis Arny & Nelson), (4) common rust (Puccinia sorghi Schw.), (5) southern rust (Puccinia 
polysora Underw. ), (6) anthracnose (Colletotrichum graminicolum (Ces.) G. W. Wils, (7) eye spot 
(Kabatiella zeae Narita & Hiratsuka), (8) common smut ( Ustilago maydis CDC.) Cda., (9 ) gib-
berella ear rot (Gibberella roseum f. sp. ceralis (Cke.) Snyd. & Hans., (10) fusarium ear rot 
(Fusarium moniliforme Sheld., (11 ) diplodia ear rot (Diplodia maydis (Berk. ) Sacc. & Diplodia 
macrospora Earle, (12) gibberella stalk rot (Gibberella roseum f. sp. cerealis) (13) fusarium stalk 
rot (Fusarium moniliforme), (14) diplodia stalk rot (Diplodia maydis), (15) charcoal rot 
(Macrophomina phaseoli (Maubl.) Ashby, (16) pythium seedling blight (Pythium spp.), (17) maize 
dwarf mosaic (MDM) virus, (18) maize chlorotic dwarf (MCD) vi rus, (19) stunt spiroplasm, (20) 
wheat streak mosaic CWSM) virus, (21 ) Goss' wilt (leaf freckles ) bacterium (Corynebacterium 
1Director, Department of Corn Breeding, Pioneer Hi-Bred International, Inc., Johnston, Iowa 
50131. 
506 DUVICK: HOST RESISTANCE TO MANAGE PATHOGEN POPULATIONS 
nebraskense n. sp. Schuster, Vidaver, & Mandel), (22) sugarcane mosaic (SCM) virus, (23) 
sorghum downy mildew (Sclerospora sorghi (Kulk. ) Weston & Uppal, and (24) Stewart's bacterial 
leaf blight (Erwinia stewartii (E. F. Smith ) Dye. 
These diseases are spread by wind (for long or for short distances), water, soil , plant parts, or 
by insects. Some come from the south in tremendous spore showers; some spread slowly from 
point infections. For virtually all these diseases we know only of so-called horizontal , presumably 
multi-factorial resistance; single resistance genes of major importance are very rare. 
Not all the diseases are important in any region in any given period of time. (Thus, no single 
breeder rates his material for all 24 of the above-named diseases.) Those to which we pay most 
attention are (1 ) northern leaf blight in a belt from northern Iowa and southern Minnesota 
through Pennsylvania, (2) southern leaf blight in a belt from southern Illinois east through Ken-
tucky and southern Indiana to Maryland, (3) anthracnose in the midsouth region, from northern 
Mississippi to North Carolina, (4) the stalk-rot complex in all corn growing areas, (5) the MDMV-
MCDV-stunt complex in the midsouth (more or less corresponding to those parts of the South in 
which Johnson grass is a persistent weed ), and (6) sorghum downy mildew in at least two cen-
ters-the Texas gulf coast and the lower Ohio Valley. 
My point in describing this complex situation is to show that a single-management scheme 
developed against a single disease-spreading mechanism may not solve all the problems faced by 
corn breeders. For example, those diseases that arrive as tremendous spore showers infecting all 
susceptible plants are not likely to be alleviated by the multiline approach; those that are spread 
from infected soil by movement of rainwater or by transport on machinery or plant parts also are 
not likely to be affected by the multiline approach because the susceptible plants in a mixture 
will probably not be helped by presence of the resistant plants. 
ABSENCE OF VERTICAL RESISTANCE 
Another factor in corn genetics, which would affect attempts to use at least one aspect of the 
proposed management program, (the multiline approach) is that we have virtually no "vertical" 
resistance genes in corn. About the only known single-gene resist~nce to a major disease is the 
series of Ht genes for resistance to northern leaf blight. And even these genes are really genes for 
"tolerance" as defined by van der Plank (1963 ), since they merely reduce the rate of increase of 
the disease by reducing the spore production per lesion. So, how can we produce multilines 
without major resistance genes? 
IS GENETIC DIVERSITY HELPFUL? 
Moving on, however, I wish to discuss from a corn breeder's point of view the widely accepted 
proposition that genetic diversity per se is an indispensible component of any scheme for protec-
tion against disease (Browning & Frey, 1969). This proposition is basic to the management ideas 
presented by Frey. 
I will mention only in passing that farmers ' preference today is in favor of single-cross 
hybrids, not only because of their superior performance, but also because their uniformity con-
tributes to ease of culture and harvest and gives uniformity to the final product. Further, many 
farmers would like to plant just one single-cross hybrid to maximize the items just mentioned. 
The farmers' preference could change quickly, however, if they found that their prime goal-
maximum yield of salable grain (or silage}--was not met by single crosses as well as by other 
types such as blends, double crosses, or synthetic varieties. 
SOME HETEROGENEOUS VARIETIES ARE 
HOMOGENEOUS FOR SUSCEPTIBILITY GENES 
In the early 1940's, double-cross (and a few three-way cross) hybrids were the basis for all 
hybrids grown in the Midwest. They often were composed of inbreds, all of which were suscepti-
ble to northern leaf blight. After a few years, serious epidemics of northern leaf blight swept the 
central and eastern Corn Belt; this resulted in replacement of these hybrids with others contain-
ing inbreds with polygenic resistance to northern leaf blight. Today, although 90% of the corn in 
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the eastern Corn Belt (Indiana and east) is probably single-eras hybrids, northern leaf blight is 
not an economically important problem on those hybrids with moderate to good northern leaf 
blight resistance. On the other hand northern leaf blight still is a problem on those doubles or 
singles with poor northern leaf blight resistance. This illustration is intended to point out that 
genetic diversity for some genes does not necessarily overcome genetic homogeneity for genes con-
cerning the problem at hand. The old doubles, although heterogeneous for many genes, were 
homogeneous for genes conditioning susceptibility to northern leaf blight. (Perhaps an even more 
convincing example is that of Dutch-elm disease. What could be more diverse - for all except the 
genes that counted - than America's wild populations of wind-pollinated Ulmus americana?) 
GENETIC DIVERSITY SHOULD BE AN AIM OF 
CORN BREEDING 
Nevertheless, the two mirror-image statements "diversity gives protection against the un-
known disease" and "uniformity promotes increase of diseases specific to the uniform popula-
tion"-do seem to me to have much worth, and they should affect corn breeding practices. The 
question is, how? I propose to show here that the principle of diversity is incorporated into 
present corn breeding practice, although not in. ways that all people recognize or understand. 
GENETIC DIVERSITY BETWEEN REGIONS 
Diversity in geographical location of hybrids is common-our company, for example, finds 
that certain hybrids very well adapted to the western Corn Belt won't work (often due to disease 
problems) in the eastern Corn Belt. Likewise, eastern hybrids often cannot produce reliable 
yields in the climatically rigorous western Corn Belt. Therefore discontinuity in genotypes, going 
from east to west, is present. I must acknowledge, however, that marketing considerations apply 
heavy pressures for selection of those hybrids that work well in a given maturity zone all across 
the country. This statement about maturity zones points out~ incidentally, that we are always 
forced by maturity requirements to change genotypes as we go from south to north. (But even 
these shifts are gradual, with two hybrids being connected by 'bridges" of one parent, thus giv-
ing partial genetic continuity in the north-south direction.) In summary, we have some, but not 
absolute, geographical diversity of genotypes-a geographical "deployment" of genotypes. 
GENETIC DIVERSITY AMONG HYBRIDS WITHIN A REGION 
A second type of diversity, one which I believe is extremely important, is that of contrasting 
sets of genotypes growing in any given region. Growing two or more hybrids with no inbreds in 
common will provide some insurance against known and unknown disease epidemics, not to men-
tion insect or environmental problems specific to a given genotype. Maintaining contrasting 
genotypes also should reduce the likelihood of buildup of new diseases specific for any one 
hybrid. I cannot state how often this goal is met, considering all hybrids in any one area, but my 
observations of phenotypes of competitive hybrids plus my knowledge of what my company sells 
leads me to think there usually are contrasting genotypes in each area. 
GENETIC DIVERSITY IN TIME 
A third type of diversity, one which to me seems to be generally unrecognized, is "diversity 
in time" of hybrid genotypes. Hybrids don't last long-five to seven years is an average. They go 
out not necessarily or in fact hardly ever because they promote a buildup of pests specific to 
them. Rather, they go out because farmers are restless; no hybrid is perfect and if grown long 
enough it will meet with pest or environmental conditions which it handles poorly. One or two 
such bad experiences are usually enough to induce a farmer to try a new hybrid. In six or seven 
years most farmers will have had at least a few mediocre years with a given hybrid and will 
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have dropped it in favor of the new favorite (which I must say usually is better able to cope with 
the chief weaknesses of the old favorite, plus having most of its good points). This diversity of 
genotypes in time means that a continuing obstacle course to the buildup of any pest is being 
constructed. 
A criticism that may be leveled fairly at corn breeders is that the genetic diversity in time 
may not be planned in advance, with specific diseases in mind. But the same criticism can be 
leveled at the idea that randomly heterogeneous populations are well fitted to combat unknown 
mixtures and types of pests. 
BROAD GENETIC BASE OF TODAY'S INBREDS 
What kind of diversity is available for this deployment of genotypes in time? And can it be 
used to make agronomically adequate hybrids? I will use as an example the arrival of the MDM-
MCDM-stunt complex in the midsouth about ten years ago. Hybrids then grown in that area 
were uniformly susceptible to the disease complex (all were double crosses, incidentally ). Corn 
breeders did the following two things: (1) they examined all Corn Belt inbreds then on hand for 
previously unsuspected resistance genes, (2) they examined exotic varieties and inbreds for 
sources of resistance to be crossed into adapted germplasm. 
It was found that by chance several adapted inbred lines had acceptable levels of resistance; 
these were made into resistant hybrids and in two or three years hybrids again were grown in 
the affected areas. In the meantime additional sources of resistance found in exotic materials 
were crossed with adapted germplasm, and entirely new lines with higher levels of resistance 
plus good local adaptation were developed. These are now giving the next round of resistant 
hybrids. Note in this example that the basic inventory of adapted inbred lines already contained 
resistance for a previously unknown pest. Why was this true? 
Some of these resistant lines contained germplasm that by pedigree could be traced only to 
the Corn Belt. But others traced back in part to very exotic sources-;--Qutcrossing had been made 
for the purpose of introducing some trait entirely unrelated to resistance to the MDMV complex. 
For example, one resistant Pioneer brand inbred was derived from a hybrid mixture involving 
Corn Belt inbreds and Caribbean open-pollinated varieties, selected primarily to combine Corn-
Belt yielding ability with the husk-cover and grain-quality traits of the tropical corns. By 
chance, we had also incorporated the Caribbean varieties' resistance to the MDMV complex into 
this inbred line. 
This example is not the only one in which unsuspected sources of resistance were found in 
our collection of currently used inbred lines. We have discovered adapted inbreds with useful 
levels of resistance to Goss' wilt, Stewart's disease, anthracnose, wheat streak mosaic virus, and 
sorghum downy mildew simply by testing inbred lines already in commercial use; and have thus 
been able to make adapted hybrids with useful levels of resistance to these diseases. 
I believe that the majority of the academic community does not realize the broad genetic 
base of the roster of inbreds currently available for immediate use by the typical commercial 
corn breeder. While it is an important fact that many inbreds derive part of their germplasm 
from a few high-performance inbreds such as Wf9, B37, B14, and Oh43, the other parts of some of 
these third-, fourth-, fifth- , and sixth-cycle lines may be of extremel_y diverse origins; therefore, 
they can have unexpected sources of useful resistance to known and unknown pests. We have, for 
example, one useful inbred line with perhaps 50% Wf9 germplasm but which also traces back to 
nine other inbreds developed from open-pollinated varieties from the south, from the Ohio River 
valley, and from Kansas. As you may surmise, it has many useful traits not found in WF9 such 
as resistance to northern leaf blight, southern leaf blight, and Stewart's blight. Multiply this ex-
ample by 100 or 200 and you have some idea of the genetic diversity that is on hand today in 
proven inbreds, ready to be used in hybrid combinations. 
Perhaps some statistics will help to explain my point. About 160 inbreds are used in hybrids 
currently produced for sale by my company. Origins of these inbreds can be traced back to 33 
open-pollinated varieties and nine synthetic varieties (Table 1). The synthetics, of course, also 
can be traced back to open pollinates. The list of open-pollinated varieties and synthetics in-
cludes well-known sources such as "Lancaster,'' "Reid,'' "Krug," and "SSS," but it also includes 
corns from F lorida, Kansas, Georgia, North Carolina, Tennessee, Maryland, Alberta (Canada), 
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Table l. Varietal sources* of germplasm in inbred lines currently used in Pioneer-brand 
hybrids, in approximate order of importance. 
A. Open Pollinated Varieties 
Lancaster Golden Glow (Wisc.) 
Reid Illinois High Protein 
Troyer Reid Teko Yellow (S. Africa) 
Osterland Reid Silver King 
Iodent Reid Johnson Co. White 
Yellow Jellicorse Brown Co. Dent (S.D.) 
Laguna (Fla. & La.) Jarvis Golden Prolific 
Yellow Clarage (Ohio ) Pride of Saline 
Midland (Kansas) European Flint 
Illinois High Yield Cow Corn Prolific 
Krug Black's Yellow Dent 
Boone Co. White 
Minn. 13 B. Synthetic Varieties 
Argentine Golden Flint SSS (ISU) 
Golden Gate (Wisc. ) Syn A (Pioneer ) 
Illinois Two Ear Syn B (Pioneer) 
Mann Leaming Kyle Syn (Ga.) 
Ioleaming FSOP (Pioneer) 
Cuban P. 0. Race FC (Pioneer) 
Weekly Improved (N.C.) Tenn. Leaf Blight Syn (Tenn. ) 
Maryland Yellow Dent JHLE (Pioneer) 
Alberta Flint (Canada) PY (Pioneer) 
*Currently used inbreds may be two to five cycles removed from these source varieties. 
Argentina, Cuba, Mexico, South Africa, Australia, and northern Europe. Thus, one can trace the 
origins of hybrids now sold in Iowa back to such widely divergent places as Mexico, Canada, 
Cuba, and Argentina. 
Of course some inbreds are used more extensively than others. Thus, about 90% of our sales 
depend on 40 inbred lines, which can be grouped into 16 families of relationship. But even these 
40 lines can be traced back to 22 open pollinates and five synthetics (the first 22 open pollinates 
and the first five synthetics in Table 1). And within each of the 16 families of related inbreds, the 
divergent germplasm has often come from widely scattered sources. For example, a series of 
lines, all derived from B37, also trace back to open pollinates from the Deep South, to "Iodent," 
"Krug," "Illinois High Yield," a Cuban open pollinate, and to "Midland." As one might expect, the 
inbreds of this family vary greatly in their reactions to most diseases and also to attack by in-
sects. For example, tolerance to the MDMV-stunt-MCDV complex among this family ranges from 
none to nearly complete tolerance. 
DANGERS OF USING A FEW INBREDS TOO WIDELY 
Now, it is also true that despite the large number of genetically diverse inbred lines avail-
able for use, relatively small number of inbreds is used in a relatively large amount of hybrid 
production. For example, in 1970, 26% of U.S. corn acreage involved hybrids containing B37 (Na-
tional Academy of Science, 1972). Current favorites among the publicly available lines also in-
clude Oh43, W64A, and A619; and I am told that B73 is one of the upcoming favorites. Biologists 
fear that a disease, specific for any given inbred line, might devastate that percentage of the corn 
crop containing the inbred as one of its parents. 
I have already mentioned the desirability of broadening the genetic base of hybrids grown in 
a given region and have no quarrel with the basic premises of this argument. I must note, 
however, that our experience with all the diseases enumerated earlier has been that susceptibili-
510 DUVICK: HOST RESISTANCE TO MANAGE PATHOGEN POPULATIONS 
ty is virtually never completely dominant, and that in fact it often is recessive. And we sell 
hybrids, not inbreds. The odds of all B37 hybrids (for example) having absolute and disastrous 
susceptibility to a new, fast-spreading disease are extremely low. I should guess that even 
though a given inbred, say B37, were in 26% of all corn grown in the United States, it likely 
would be in hybrids involving a dozen or more other inbreds, each of which would be likely to 
moderate or cover up susceptibility of B37 to any B37-specific disease. Thus a "B37 plague" like-
ly would be of uneven severity in the 26% of hybrid corn containing B37. 
Also, I should point out the capability of the seed corn industry to move quickly with effec-
tive corrective action when the need arises. In 1970, southern leaf blight race T swept the coun-
try; in 1971, significant amounts of resistant hybrids were deployed into areas of greatest need; 
in 1972, the nation was given a full supply of resistant seed. This was a tremendous achievement 
and should be pointed to as an example of the strength, rather than the weakness, of modern 
plant breeding. Although this example involves a cytoplasmically inherited susceptibility, and 
seedsmen necessarily had parent stocks of resistant N-cytoplasm hybrids on hand, I believe we 
could rise to the occasion just as well if an inbred such as B37 were to meet its Nemesis. 
Alternate hybrids without B37 and nearly or just as good as the B37 hybrids are on hand and 
tested and could replace the B37 hybrids with as much speed as N cytoplasm replaced T 
cytoplasm. 
Again, take an example from my own company. I noted earlier that we currently use about 
160 inbreds although 90% of our sales depend on only 40 of them. The hybrids made with the 
other 120 inbreds are good hybrids; they are not widely sold either because they are being 
replaced or because they are new hybrids just now being introduced as improvement over the 
current best-sellers. We have a secondary defense, therefore, of 120 substitute inbreds already 
placed in workable hybrid combinations. While we cannot guarantee that these "backup inbreds" 
will always contain the resistance needed for "disease X", our experience indicates they probably 
would. We also have a third line of defense in the form of an extensive series of new inbreds, not 
yet in commercial hybrids but adequately tested in test-cross combinations. And there is even a 
fourth line of defense. Old inbreds no longer used commercially are kept in cold storage and can 
be taken out and tested for possible resistance to new pathogens. Any resistant "retired" line 
would be more suitable for immediate use than would unadapted ·exotics. Thus, it seems to me 
that the chances are very slim that we would ever be forced to retreat to selection in primitive 
races as the only basis for deriving resistant genotypes. 
To recapitulate: I do not approve of large scale use of a small number of inbreds, but I 
believe the practice is not as dangerous as it may look to breeders used to dealing with self-
fertilized crops. Also I think the seed industry has the capability to deal swiftly with any inbred-
specific epidemic. 
BLENDS, DOUBLE CROSSES, AND SYNTHETICS, 
TO PROVIDE DIVERSITY 
Granted that in corn we have diversity in time and place, plus horizontal resistance, why not 
add "in-field" diversity in the form of single-cross blends, or double crosses, or synthetic 
varieties? I believe the overriding reason "in-field" diversity is not used today is that no one 
finds serious actual problems with our present system-a system based more and more on use of 
widely grown single-cross hybrids, but also more and more on use of genetic diversity in time, 
plus improved horizontal resistance. Blends of hybrid corn have never given yield advantages 
(Kannenburg & Hunter, 1972), although admittedly most tests were made in the absence of 
disease epidemics. Farmers' experience as well as experimental evidence (Eberhart & Russell, 
1969) shows that the best single crosses are better buffered against environmental stresses than 
the best double crosses and give higher yields over a period of years. (Probably a random set of 
single crosses will be less stable on the average than a random set of doubles, made with the 
same inbreds. But one does not select a random single cross for commercial production.) 
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Finally, I shall try to put forth my current view of the proper way to manage corn diseases 
from the corn breeder's point of view. 
l. Provision for a broad spectrum of resistance genes requires continuing introgression of 
exotic sources of disease resistance (most of which are polygenic) into adapted germ plasm. 
Two methods of incorporating these genes should be used: (a) introduction into synthetic 
varieties which are continuously improved by means of recurrent selection procedures, and (b) 
introduction into useful adapted inbred lines by hybridization (with or without some backcross-
ing to the adapted line) followed by selfing and selection of new inbred lines. 
2. Maintenance of contrasting genotypes among hybrids grown in a given area is another 
prime goal. Because private companies don't divulge pedigrees, each company should try to do 
this within its own stable of hybrids. I must confess this is hard to do because any given com-
parison of two or more hybrids will usually show one better than the others and farmers tend to 
want the (currently ) best one. Probably publicity directed at the farmer, advocating the wisdom 
of spreading his risk, is needed to encourage him to buy more than the one "best" hybrid. 
3. Genetic diversity in time, meaning a reasonably rapid succession of hybrids, should con-
tinue as a planned goal, not just as an accident. Conscious selection of new inbreds and thus of 
new hybrids divergent in origin from the current favorite should be part of the plan. This can be 
accomplished by (a) selfing crosses of adapted inbreds not closely related to the current favorites; 
(b) selfing crosses of the currently favored inbreds by widely divergent inbreds, by synthetics, or 
by exotics; and (c) selfing in synthetics, typically those that are being improved by some recur-
rent selection scheme. 
Method "b" (selfing inbred x exotic crosses) is the best way to bring in really divergent 
germplasm, since it reaches out to the limits of the species. Method "a" (selfing single crosses of 
adapted lines) tends to limit one's germplasm resources to the Corn Belt. Method "c" (selfing syn-
thetics) restricts the genetic range to that originally put into the synthetic and the range is 
restricted even further by the number of gametes recombined each cycle for each synthetic. Some 
recurrent selection schemes use as few as 10 S1 ears as the basis for recombination. This is just 
like selfing 10 single crosses. However, if the chosen ears are the product of mass selection (and 
so are pollinated by a mixture of pollen from the synthetic ), the number of gametes can be much 
larger. I have personally noted the restricted range of phenotypic variation among S1 populations 
in some synthetics, as compared to S1 populations from a series of single crosses involving in-
breds of diverse origin. Some synthetics are purposely made with a very broad base. These will 
be helpful in giving diverse inbreds, but typically they will not be ready to use for a long time. 
4. Finally, experimentation to examine potential advantages of blends and of diverse 
pedigrees like double crosses and synthetics should go on, to point out any possible improve-
ments over the current trend towards development of homogeneous single-cross hybrids with 
horizontal disease resistance genes, supplemented at times with single major genes for tolerance 
to a given disease. When or if such new heterogeneous types prove to be superior in fact as well 
as on paper, I believe the power of the marketplace will force their adaptation. 
How does this plan "manage" corn diseases? If "management" means to encourage 
persistence of 'just a bit" of the non-disastrous types of any given disease, I think this is about 
what we have been aiming at all the time, since our "resistant" types never eradicate the dis-
ease, but merely keep it down to relatively unimportant levels. The planned genetic diversity in 
time (hybrid turnover) serves to keep the diseases off balance in that they should rarely have the 
time to become specifically adapted to any widely grown genotypes. Diversity of hybrids in any 
one place should help reduce the substrate for buildup of any given disease-although my belief 
here is not so much that the substrate will be kept below danger-point levels as it is that farmers 
and seed dealers will have a measure of disaster insurance. And finally, the continuing influx of 
new sources of resistance should help keep specific disease races from reaching epidemic propor-
tions. 
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AN EXPLANATION OF TERMS USED IN 
INSECT RESISTANCE TO PLANTS1 
John C. Owens2 
ABSTRACT. Universal definitions of current terminology are essential in obtaining maximum 
value from insect resistance in crop plants. R. H. Painter divided resistance into the three inter-
related component characters of antibiosis, nonpreference, and tolerance. Each of these plant 
traits is portrayed schematically and partitioned into categorical subdivisions. Varied insect and 
plant effects and responses are illustrated by citing specific examples for each component of re-
sistance. 
* * * * * * * 
A dichotomy exists among many of us engaged in research concerned with plant resistance 
to insects. The basis of this disagreement involves the definition of resistance and whether we 
are concerned strictly with biological relationships or with these relationships as well as their 
agricultural implications. 
Painter (1951) defined resistance "as the relative amount of heritable qualities possessed by 
the plant which influence the ultimate degree of damage done by the insect." Beck (1965) defined 
the same term "as being the collective heritable characteristics by which a plant species . . . may 
reduce the probability of successful utilization of that plant as a host by an insect species . .. " 
The difference between these two definitions is that Beck was concerned with the insect-plant re-
lationship at initiation of feeding and that Painter was concerned with the effect of insect feeding 
on the end product, or yield. Either approach to the study of resistance normally will complement 
the other. Universal definitions of current terminology are essential, however, if we are to max-
imize the practical value of plant resistance to insects. In Iowa and other states, our working de-
finition is that resistance is all those heritable traits of a plant that lessen insect damage while 
other plants of the same species and environment receive greater damage. This definition im-
plies that resistance is relative. 
Painter (1951) was well aware of the complexities of plant resistance and further divided re-
sistance into three interrelated component characters, antibiosis, nonpreference, and tolerance. 
These characters are portrayed in Fig. 1. 
Antibiosis refers to plant traits that adversely affect insect mortality, size, and life history. 
As depicted in Fig. 2, when an insect feeds on an antibiotic plant, one or more of the following ab-
normal effects may occur: (1) Death of early stages of larvae or nymphs results in little or no in-
sect infestation. (2) Death of pupae and late larval or nymphal stages reduces the size and poten-
tial of the next reproductive population. (3) Decreased fecundity reduces subsequent insect 
populations. (4 ) Decreases in size and (5) in weight reduce the cumulative effect of insect feeding 
and increase the effects of environmental variation on the insect. (6) Decreased accumulation of 
1Journal Paper No. J-7959 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames. Project No. 1954. 
2Assistant Professor of Entomology, Iowa State University, Ames, Iowa 50010. 
Fig. 1. The three interrelated component characters of resistance - antibiosis, nonpreference, 
and tolerance. 
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Fig. 2. Abnormal effects which may occur after an insect feeds on an antibiotic plant. 
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insect food reserves may affect survival through periods of hibernation or aestivation. (7) 
Behaviorial and physiological abnormalities may reduce the ability of the insect to continue 
feeding. (8) Abnormal longevity of insect life affects the overall population in two ways - a 
longer-than-normal immature period exposes the nymphs or larvae to natural enemies for ex-
tended periods and may lead to fewer generations per year, and a shorter adult life limits time 
for mating and oviposition (National Academy of Sciences, 1969). 
The varied effects on insects which feed on antibiotic plants are best illustrated by citing 
specific examples. Studies of the Mexican bean beetle on snap beans and lima beans detected dif-
ferential responses when insects were caged on resistant and susceptible varieties (Campbell and 
Brett, 1966). Resistant varieties reduced the insect's fecundity , and for every egg deposited on re-
sistant varieties two eggs were oviposited on susceptible varieties. Female beetles reared on the 
resistant varieties were smaller and weighed less than beetles reared on susceptible varieties. 
Antibiosis may be expressed in some unusual ways. Cotton researchers have reported on cell 
proliferation in squares punctured by the boll weevil (Reed and Adkisson, 1961). Boll-weevil 
larvae seem to survive until they reach the seed where large, granular cells engulf and crush the 
larvae after a period of feeding. Cell proliferation seems to be initiated by insect injury to the 
seeds and does not prevent formation of normal seed and lint. 
Breeding for antibiosis may be desired by entomologists, but may be in direct opposition to 
the desires and needs of others. Cotton normally has small internal glands distributed over the 
entire plant and containing several pigments, of which the major one is gossypol - a compound 
toxic to all nonruminant animals and to certain insect species. Many plant breeders and animal 
scientists have sought to develop glandless lines that would provide an increased use of cotton 
meal in animal rations and possibly offer a new source of protein for man. The major drawback of 
the glandless lines is that the absence of gossypol may render them susceptible to a given insect, 
particularly the cotton bollworm, lygus bugs, cutworms, and armyworms (Bottger et al., 1964). 
There are two types of nonpreference - relative and absolute (Fig. 1). Relative non-
preference is expressed only in the presence of one or more preferred hosts, whereas in absolute 
nonpreference the insect may starve even though the unpreferred plant is not antibiotic. Larvae 
of tobacco hornworms, for instance, normally will feed only on solanaceous crops and often will 
starve if acceptable food is not present. Waldbauer (1963) amputated the maxillae of tobacco-
hornworm larvae and found that maxillectomized larvae fed on a variety of nonsolanceous 
plants, which normal larvae rejected. With relative nonpreference, large-scale plantings of the 
unpreferred plant may cause the resistance to be impractical. Cotton with green foliage has been 
found distinctly preferred by the boll weevil over cotton with red foliage (Hunter et al., 1965). 
The relative nature of this nonpreference was determined by caging boll weevils on both green 
and red plants and finding equal survival (Stephens and Lee, 1961 ). In the absence of high insect 
population pressures, red plants show less weevil damage than do green plants, but under high 
weevil populations, red plant color alone is inadequate for profitable cotton production (Merkl 
and Meyer, 1963). 
Differences in survival rates of the imported cabbageworm on cabbage varieties have been 
classified as antibiosis, and red cabbage varieties are more favorable for larval survival than are 
green varieties (Radcliffe and Chapman, 1966). Ovipositional nonpreference among cabbage 
varieties also was detected by these same researchers. More eggs were laid on green varieties 
than on red varieties. Thus, research workers were faced with a remarkable situation; viz., the 
female moths exhibited an ovipositional preference for hosts that were unfavorable for develop-
ment of the larvae. Such phenomona have been observed in other insects and crops; insect-plant 
relationships are complex, and larval survival is not necessarily the natural sequence to oviposi-
tion preference. Radcliffe and Chapman (1966) considered ovipositional nonpreference for red 
varieties to be so precise that this mechanism was considered more important than that of the 
green varieties that were antibiotic to the imported cabbageworm. 
Tolerance is perhaps the most neglected component of resistance. Some researchers refuse to 
accept the concept of tolerance, and many who accept it avoid committing significant research ef-
fort toward development of tolerant plants. A tolerant plant is one with the ability to grow and 
reproduce even though it supports an insect population equal to that damaging to a susceptible 
plant. Tolerance can be divided into at least two categories, endurance and repair (Fig. 1). En-
durance most often has been encountered in insects with piercing-sucking mouthparts. Alfalfa 
lines capable of enduring attack by the spotted alfalfa aphid have been detected by several 
workers, and these lines may not exhibit damage in the presence of high aphid populations. 
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At Iowa State, entomologists and corn breeders have cooperated in the development of corn 
lines tolerant to rootworm attack. We consider tolerance to rootworms to be made up of several 
component plant traits, one of which is the ability of the root system to continue to produce ade-
quate secondary roots in the presence of rootworm feeding. Tolerance such as this could be con-
sidered a form of repair or replacement. Although secondary root development is influenced by 
other environmental factors, such as available soil moisture, heritable differences have been de-
tected. We believe that the capability exists to form synthetic populations that have a good 
degree of tolerance to corn rootworms. 
There are basic differences in the three categories of resistance. Nonpreference and anti-
biosis are closely related, and, to be expressed, require characteristics of the plant and subse-
quent insect responses to them. Tolerance is different because it concerns only a response of the 
plant. Insects infesting a tolerant plant develop normally and have normal behavior patterns. 
It is not always necessary to identify the basis of resistance present to develop an insect-
resistant line. At the same time, it is essential to distinguish between tolerance, nonpreference, 
and antibiosis. Indeed, a resistant plant may incorporate only one component of resistance, or it 
may utilize any combination of the three components. 
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ENTOMOLOGICAL PROBLEMS INVOLVED IN 
DEVELOPING HOST-PLANT RESISTANCE PROGRAMS1 
W. D. Guthrie2 
ABSTRACT. Methods of insect rearing, methods of infestation and measuring resistance, insect 
biotypes and use of laboratory or greenhouse cultures of insects in host-plant resistance are dis-
cussed. 
INSECT REARING METHODS 
Evaluation of plant material for resistance to insects requires an adequate number of insects 
for a uniform level of infestation. The entomologist must either rely on natural field populations 
or rear the insect in the laboratory. 
Natural field populations are adequate during most seasons to evaluate material for re-
sistance to some species of insects. For example, progress is being made in developing varieties of 
rice resistant to the rice gall midge, Pachydiplosis oryzae (Shastry et al., 1972). The eggs, first-
instar larvae, and adults of the rice gall midge are highly susceptible to changes in relative 
humidity. The eggs require a relative humidity of more than 90% for normal development. The 
first-instar larvae require a relative humidity of more than 95% associated with moist surfaces 
for successful infestation of rice plants (Fernando, 1972). These climatic conditions prevail in 
several areas of India for buildup of gall midge populations for field infestations. 
Natural field infestations can sometimes be increased by successive plantings of the plant 
host , similar to the technique used to increase populations of sorghum shoot fly, Atherigona varia 
soccata (Starks, 1970). 
Some species of insects can be attracted to test plantings. For example, adults of the corn-
rootworm complex (Diabrotica virgifera, D. longicornis, D. undecimpunctata howardi) are attract-
ed to corn in the pollen-shedding stage of plant development. Therefore, a plot of corn is planted 
(40 to 50 m plants per acre) to synchronize the active pollen-shedding stage of the plant with 
maximum adult emergence of the insect (F. F. Dicke, personal communication). Adults of D. 
virgifera and D. longicornis oviposit in the soil, and the insects overwinter in the egg stage; corn 
material is evaluated for resistance to corn-rootworm larvae on these plots the next season. 
Resistance studies for many species of insects can be conducted with the native host plant in 
a greenhouse or insectary. This is true for the English grain aphid, Macrosiphum avenae 
(Rautapaa, 1966); the greenbug, Schizaphia graminum (Chada, 1959); the Hessian fly, Mayetiola 
destructor (Cartwright, Caldwell, and Compton, 1959); the oat-birdcherry aphid, Rhopalosiphum 
padi (Hsu and Robinson, 1962); the green leafhopper on rice, Nephotettix virescens, (Cheng and 
Pathak, 1972); the brown planthopper on rice, Nilaparvata lugens (Sogawa and Pathak, 1970), 
and for other species. These insects have short life cycles and can be reared on seedling plants, 
making it possible to rear large populations for resistance research. 
1Joint contribution: Agricultural Research Service, USDA, and Journal Paper No. J-7.821 of the 
Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa 50010. Project No. 1923 
2Entomologist, ARS-USDA, and Professor, Department of Entomology, Iowa State University, 
Ames, Iowa. 
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Rearing the insects on their natural host plants in the greenhouse requires pots or flats. Soil 
is placed in these containers and planted to the desired crop; the insects are placed on the seed-
lings and covered with a cheesecloth tent or cage to confine them to the plants. In Hessian-fly re-
search each flat is planted to 12 rows of wheat and the two center rows in each flat are seeded to 
susceptible and resistant checks so that each flat contains 10 rows of material to be evaluated for 
resistance. Several flats containing material to be evaluated, along with stock flats containing 
the infested wheat (as a source of flies ), can be covered with one cheesecloth tent. Care must be 
taken to see that enough eggs to produce an infestation are deposited on all varieties in each flat. 
The young plants (one-blade or two-blade stage) are uncovered after sufficient fly eggs are laid 
on them (Cartwright and LaHue, 1944). Thousands of entries of wheat are screened in the 
greenhouse each year for Hessian-fly resistance. Over a period of years, Hessian-fly resistance 
research has been highly successful, due entirely to the ability to rear the insect in the 
greenhouse. 
In greenhouse studies researchers should be aware of the possible effect of temperatures on 
the expression of resistance. For example, Hessian-fly resistance research usually is done during 
the winter and early spring months in Indiana when cool temperatures (60° to 70° F ) can be 
maintained. Higher greenhouse temperatures (75° to 80° F ) have been shown to increase the 
percentage and intensities on infestation by Hessian fly on susceptible wheat varieties and on 
some, but not all, resistant varieties. Wheat plants heterozygous for resistance (i.e., F 1s) have 
been affected more by temperature than plants homozygous for resistance (Cartwright, Caldwell, 
and Compton, 1946). 
In recent years artificial diets have been developed for rearing insects. The use of wheat 
germ marked the advent of the modern era of practical artificial diets for rearing plant-feeding 
Lepidoptera. Since then, slight modifications of this wheat-germ medium have been used suc-
cessfully for rearing many species away from their natural host plants. The success in developing 
these artificial diets is due partly to the similar chemical and physical feeding requirement that 
plant-feeding Lepidoptera share. Consequently, only minor changes in existing wheat-germ diets 
have been necessary to make them acceptable for new species (Chippendale, 1972). 
Several species of plant-feeding Lepidoptera, such as the corn earworm, Heliothis zea 
(Burton, 1969); the southwestern corn borer, Diatraea grandiosella (Davis, Henderson, and Scott, 
1972); Chilo zonellus (Dang, Anand, and Jotwani, 1970); the European corn borer Ostrinia 
nubilalis (Guthrie, Russell, and Jennings, 1971); and others are now reared on artificial (meridic) 
diets to obtain egg masses for evaluating plant-germ plasms for resistance. 
In European corn borer resistance investigations, all plots are artificially infested with egg 
masses produced in the laboratory. Progress would be nil without artificial infestation tech-
niques (Guthrie, Russell, and Jennings, 1971). For many years we have had a good source of 
moths for first-brood egg production; moths were collected from large emergence cages that had 
been filled with infested cornstalks the previous fall (Guthrie et al., 1965). Until recently, 
however, we did not have a good source of moths for second-brood egg production; moths were ob-
tained primarily by net-collecting in patches of grass or weeds near cornfields that had a first-
brood infestation or from infested, caged, green, sweet corn stalks (Guthrie, Dicke, and Pesho, 
1965). 
During the past several years we have had good success in rearing corn borer larvae in-
dividually in 3-dram vials on a plug of meridic diet; over 90% survival often is obtained (Guthrie 
et al., 1965). Two larvae per vial average about 1¥.! pupae per vial. This procedure is too slow for 
producing the number of moths needed for egg production in resistance research. During 1965 to 
1973 we reared larvae on a meridic diet in plastic dishes (10 in diameter, 31/2 in deep). Several 
disease problems were associated with dish-reared insects but these problems were solved in 
1969 and 1971 (Lewis and Lynch, 1970; Guthrie, Russell, and Jennings, 1971). We now use 
aureomycin in the diet to control bacteria, Fumidil B to control protozoa (Nosema pyraustae), and 
four mold inhibitors (methyl p hydroxybenzoate, propionic acid, formaldehyde, and sorbic acid) to 
control fungi . The ingredients used in the meridic diet are listed in Table 1. A ring of corrugated 
paper (1 in wide, treated in hot wax, and containing 1,200 holes) is placed in the dishes for pupa-
tion. Each dish is infested with 40 egg masses (ca. 1,000 larvae). Full-grown larvae crawl into the 
corrugated paper to pupate. Twenty-one days after egg hatch, the corrugated strips containing 
pupae are hung in a large room for moth emergence. Moths are collected each day and placed in 
oviposition cages (200 pairs/cage) for egg production (Guthrie, Russell, and Jennings 1971 ). Dur-
ing 1965 to 1969 moths originating from larvae reared on a meridic diet in plastic dishes were 
used for first-brood egg production to supplement egg production from wild moths collected in 
large emergence cages. During 1970 to 1973 seasons we depended entirely on rearing larvae on 
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the meridic diet; during each of these seasons we produced ca. 1,000,000 egg masses for first-
brood infestations (ca. 25 eggs per mass) and more than 300,000 egg masses for second-brood in-
festations (Table 2). More than 10,000 female moths have been collected and more than 70,000 
egg masses have been produced in a single day. This technique has greatly accelerated research 
on second-brood resistance. Two seed corn companies are now rearing European corn borers on 
the meridic diet to provide egg masses for both first- and second-brood resistance studies; in the 
future we hope more seed companies will use this technique. With cooperation between federal , 
state, and private researchers, we are confident that hybrids resistant to both broods of the Euro-
pean corn borer will be developed. The American farmer will be the beneficiary of this 
cooperative research effort. 
Table 1. Ingredients for European corn borer diet (one batch 
(Guthrie, Russell , and Jennings, 1971 ). 
INGREDIENT 
Water 
Agar 
Wheatgerm 
Dextrose 
Casein 
Cholesterol 
Salt mixture #2 
Vitamin supplement 
Ascorbic acid 
Aureomycin 
FumidilB 
Methyl p hydroxybenzoate 
Propionic acid 
Formaldehyde 
Sorbic acid 
15028g). Ankeny, Iowa, 1973 
QUANTITY 
(one batch) 
13,000 g 
280 g 
520 g 
400 g 
440 g 
32 g 
144 g 
92 g 
120 g 
9 tsp 
6.9 g 
75 ml 
86 ml 
7 ml 
80 ml 
Table 2. European corn borer egg production from moths originating from larvae reared on a 
meridic diet. Ankeny, Iowa. 
YEAR 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
DISHES 
1243 
1303 
2060 
5500 
1524 
2323 
1960 
1860 
2040 
9 /DISH 
38 
36 
53 
51 
74 
114 
154 
140 
EGG MASSES 
FIRST BROOD SECOND BROOD 
1000 
271 
133 
176 
633 
263 
1252 
1188 
714 
1034 
1000 
97 
201 
326 
168 
240 
309 
447 
427 
385 
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USE OF LABORATORY OR GREENHOUSE CUL TURES OF 
INSECTS FOR HOST PLANT RESISTANCE RESEARCH 
Entomologists should be aware that insect cultures reared continuously, generation after 
generation, in the laboratory or greenhouse may change genetically so that they no longer affect 
plants the same as does a wild population. This is especially true of insects reared continuously 
on a meridic diet. For example, data collected during the past 8 years show that the European 
corn borer reared continuously on a meridic diet cannot be used for screening inbred lines of corn 
for resistance studies because leaf-feeding damage is too low for measuring resistance (Guthrie, 
Russell, and Jennings, 1971 ). 
One culture of European corn borers has been reared for 108 generations on a meridic diet. 
This culture was compared for level of larval establishment on inbred WF9 (susceptible to leaf 
feeding, first-brood) with a wild (native) population during an 8-year period. In 7 of 8 years, this 
culture had a very low level of leaf damage; 1 year out of 8, the culture had an intermediate 
amount of leaf damage. Plants infested with the wild population had a very high amount of leaf 
damage all years. Cultures reared for 1 to 14 generations on a meridic diet perform as well as 
the wild type on corn plants. To maintain virulence in corn borer cultures, 6,000 wild (native) 
larvae are dissected from cornstalks each fall to initiate new cultures (Guthrie, Russell , and Jen-
nings, 1971). 
Insects such as the Hessian fly , aphids, leafhoppers, planthoppers, etc., reared on plants in 
the greenhouse should not lose their virulence to infest plants. However, if a culture derived 
from a single field source is maintained in the greenhouse over a long period and is used for 
evaluating different sources of plant germ plasm, researchers should be aware that the 
greenhouse culture might change somewhat. It is, therefore, prudent to bring in insects from the 
field periodically. Likewise, aphids, leafhoppers, and planthoppers being maintained for a long 
time in the greenhouse could probably change in their ability to transmit virus diseases. 
METHODS OF INFESTATION AND 
MEASURING RESISTANCE 
Regardless of whether insects are reared on artificial diets or host plants, techniques need to 
be developed for infesting the test plants. The stage of insect to be used, the number of in-
dividuals per plant, and the growth stage of the plant need to be considered (Gallun, Starks, and 
Guthrie, 1975). To locate sources of resistance and to utilize these sources in a breeding program, 
techniques for evaluating plant material must be developed that are as simple as possible, effi-
cient, and accurate. 
Seedlings are used for evaluating plant germ plasm for resistance to some species of insects, 
such as the Hessian fly and greenbug on wheat and leafhoppers and planthoppers on rice. If 
seedlings are used and if an insect attacks the plant from the seedling stage to maturity, re-
searchers should be positive that seedling resistance is completely correlated with resistance at 
all stages of the plant. 
In Hessian-fly resistance research, the number and percentage of infested plants are re-
corded. Each flat will show the susceptible check wheat to be 90 to 100% infested and stunted. 
The resistant check will show a significantly lower infestation and lower degree of injury. The 
infestations in the other rows of the flat will depend on the genetic constitution of the lines being 
tested. The homozygous resistant lines will approach the plant infestation of the resistant check, 
the susceptible lines will approach the infestation of the susceptible check, and the heterozygous 
lines will have an intermediate reaction, depending on the number of factors involved and the 
dominance or recessiveness of the resistance genes under the conditions of the test (Cartwright 
and LaHue, 1944). 
Chada (1959) developed an insectary technique for testing varieties of wheat resistant to the 
greenbug. The plants were subjected to uniform infestation (trays of plants were covered with 
plastic cages) for 10 to 14 days, then rated according to the amount of leaf area damaged. This 
technique was modified by Wood (1961a) so that the insects were not caged but were allowed to 
move more freely from plant to plant, thus simulating field conditions. Plants destroyed within 2 
weeks were rated susceptible; others were rated tolerant. 
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Cheng and Pathak (1972) evaluated rice varieties for resistance to Nephotettix uirescens (a 
leafhopper ). Eight test varieties, along with a resistant and susceptible check, were grown in 
seed boxes in rows 8 in long. One week after seeding, seed boxes were placed on a tray inside a 
screen cage within a greenhouse. A large population of second- and third-instar leafhoppers were 
scattered uniformly on test plants. The number of insects present and plant damage were re-
corded for each variety at 5-day intervals until most plants of the susceptible check variety were 
killed. The following grades were used for recording plant damage. 0, no visible damage; 1, 
partial yellowing of the first leaf; 2, partial yellowing of the first and second leaves; 3, pro-
nounced yellowing and slight stunting; 4, signs of wilting and severe stunting; 5, plants killed. 
If insects, such as the southwestern corn borer, European corn borer, and Chilo zonellus 
(stem borer on corn and sorghum), have more than one generation each season, the biological re-
lationship between the insect and host plant may not be the same for each generation. A 
knowledge of the biology of an insect on the host plant is imperative in host-plant resistance in-
vestigations. For example, during the period of egg deposition by the first-brood European corn 
borer, most dent corn in the Corn Belt is in the whorl stage of plant development. The young 
larvae feed primarily on the spirally rolled leaves in the whorl. The high rate of larval mortality 
on resistant inbreds is a high degree of antibiosis against the first- and second-instar larvae of a 
first-brood infestation (Guthrie, Dicke, and Neiswander, 1960). Therefore, first-brood resistance is 
actually leaf-feeding resistance. 
European corn borer moths are placed in oviposition cages for egg production. The females 
oviposit on sheets of waxed paper. Disks of waxed paper (V2 in in diam. ) each containing 1, 2, or 3 
egg masses are punched out with a specially designed machine (Guthrie et al., 1965). Methods for 
artificially infesting corn plants (egg masses are dropped into the whorl; 10 plants in each plot 
usually are infested with at least four egg masses per plant in two applications of two masses 
each spaced 2 days apart) and for rapidly evaluating leaf-feeding resistance are available; corn 
material is evaluated 3 weeks after egg hatch by using a nine-class, leaf-feeding rating scale as 
described by Guthrie, Dicke, and Neiswander (1960). Classes 1 to 2 are highly resistant, classes 3 
to 4 are resistant, classes 5 to 6 are intermediate, and classes 7 to 9 are susceptible. One man 
with a recorder can evaluate more than 10,000 entries in 3 or 4 days with this system. A leaf-
feeding rating scale has been used for evaluating plant material for resistance to many species of 
insects, including the southwestern corn borer, fall armyworm (Spodoptera frugiperda), and Chilo 
zonellus on corn. 
During the period of egg deposition by the second-brood European corn borer, corn in the 
Corn Belt states has tasseled and has completed the pollen-shedding stage of plant development, 
or is in the pollen-shedding stage. On this stage of corn the young larvae feed primarily on pollen 
accumulation at the axils of the leaves and on sheath and collar tissue. Because the larvae feed 
extensively on sheath and collar tissue (Guthrie, Huggans, and Chatterji, 1970) second-brood re-
sistance is actually collar and sheath feeding resistance. The larvae also will feed on husk tissue, 
however. In second-brood resistance research, egg masses incubated to near the hatching point 
are pinned through the leaf above and below the ear during the active pollen-shedding stage of 
plant development. The infestations are made in two or three applications of two masses each, 
spread 2 days apart. Usually, 10 plants in each plot are infested. Number of cavities in the stalk 
and ear shank (taken 50 to 60 days after egg hatch) is used in evaluating resistance or suscep-
tibility. In contrast to the European corn borer, second-brood southwestern corn borer larvae are 
not sheath and collar feeders; they are husk feeders (Davis, Henderson, and Scott, 1972). First-
brood southwestern corn borer resistance is leaf-feeding resistance, but resistance to the second-
brood is husk-feeding resistance. 
Researchers should be aware that plant material resistant to insects during the vegative 
stage of plant development may not be resistant during a later stage of development. For exam-
ple, inbred lines of corn that are resistant to leaf feeding (first-brood) by the European corn borer 
may be highly susceptible to sheath and collar feeding (second-brood). 
INSECT BIOTYPES 
Most of the following information is taken from Gailun, Starks, and Guthrie, 1975. Genetic 
diversity exists within an insect species as well as within a plant species. When extreme selec-
tion pressure in the form of a resistant variety is applied to an insect population, those variants 
within the population that are able to survive interbreed to form populations of a new biotype or 
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race, and the variety heretofore resistant becomes susceptible. Selection pressure of this kind is 
most successful when antibiosis is the mechanism of resistance, resulting in the death of most of 
the insects. Races, strains, or biotypes seldom, if ever, develop when tolerance or nonpreference is 
the main mechanism of resistance inherent in the plant attacked. 
Biotypes or races are found mostly in the aphids, and this is understandable because of the 
parthenogenetic reproduction of these species. The relatively short life cycle can then allow a 
new biotype to become abundant within one or two growing seasons. Biotypes or races are known 
to occur within the greenbug, the raspberry aphid, the spotted alfalfa aphid (Therioaphis 
maculata), the pea aphid (Acrythosiphon pisum), the corn leaf aphid (Rhopalosiphum maidis), the 
rice weevil (Sitophilus oryzae), the Hessian fly, and probably the rice gall midge. When breeding 
for resistance to these insect pests, insect biotypes must be considered. 
Biotypes A, B, and C in the greenbug differ in their ability to live upon and attack varieties 
of wheat, barley, and sorghum. Two wheat lines, Dickinson Sel. 28A and CI 9058, are resistant to 
the original field population (biotype A). In 1961 a greenbug population (biotype B) developed 
and could kill Sel. 28A and CI 9058 (Wood 1961b). Recently biotype C was identified as being 
able to infest and survive upon piper sundangrass, whereas the other two biotypes cannot (Wood, 
Chada, and Saxton, 1969). This new biotype developed into widely distributed virulent popula-
tions in 1 year. 
Another pest of sorghum, the corn leaf aphid, has four or more biotypes (Singh and Painter, 
1965); with this insect species, biotype distinction is based on survival capacity and fecundity on 
host plants. Damage to White Martin sorghum and Spartin barley also was used to distinguish 
between biotypes (Pathak and Painter, 1958). No instances are recorded in which these biotypes 
are active in the field. 
The most comprehensive studies of insect biotypes are those on the raspberry aphid (Briggs, 
1965 ) and the Hessian fly. Gallun and Hatchett (1968) studied races of Hessian fly in the field 
and in the laboratory. To date, seven of eight races have been isolated and maintained as pure 
breeding progenies or in bulk populations. A wheat plant may have any number of dominant 
genes for resistance, each working independently of one another, and any one pair may provide 
resistance as long as the Hessian fly does not have a pair of recessive genes specific for virulence 
to that resistance. This substantiates the gene-for-gene theory that, for every gene in a plant con-
ditioning resistance, there may be a comparable gene in the insect to overcome the resistance. 
The gene-for-gene relationship has been demonstrated for several species of fungi (Flor, 1971 ); a 
resistant gene in the plant is effective only if the pathogen has a corresponding gene for 
avirulence. The Hessian fly is the only insect in which the gene-for-gene relationship has been 
demonstrated. 
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BREEDING AND GENETICS IN THE 
CONTROL OF INSECT PESTS1 
W. A. Russe112 
ABSTRACT. The popular concept of insect control is management, and control by plant re-
sistance is one important part of this management. The development of a breeding program 
needs to be considered carefully with respect to (1) life-history studies of the insect, (2) types of 
host-plant resistance, (3) genetics of resistance in the host plant, and (4) sources of host-plant re-
sistance, which should include exotic germ plasm. Simple and more complex kinds of plant re-
sistance are discussed, along with some of the breeding methods now in use. 
INTRODUCTION 
Breeding for disease resistance has been an integral part of plant-improvement programs for 
many years; breeding for insect resistance has received less attention, however, and only in the 
last 20 years have much greater efforts been applied to this phase of crop improvement. 
Nevertheless, insect resistance in crop species has been used for many years. One of the oldest 
examples is in the European grape industry where root stocks of American wild grapes have 
been used for about a century to give protection against the grape phylloxera, Phylloxera 
uitifoliae (Fitch), in cultivated, susceptible European varieties. Painter (1968) cities examples of 
wheat varieties that were grown because of their resistance to Hessian fly, Mayetiola destructor 
(Say). Programs to develop wheat varieties resistant to Hessian fly have been in progress in the 
U.S.A. for more than 50 years. Corn varieties grown in southern U.S.A. have been selected with 
long, tight husks to give protection against the corn earworm, Heliothis zea (Boddie), and other 
insects. Breeding for resistance in corn to the European corn borer, Ostrinia nubilalis (Hubner), 
has been in progress for 40 years, but only in the last 10 years have commercial companies 
established effective programs to breed for insect resistance. 
For many years our graduate programs in the plant sciences have had considerable in-
terchange between plant pathology and plant genetics and breeding, but have had much less in-
terchange between entomology and plant genetics and breeding. Breeding for insect resistance 
has not been stressed in our plant-breeding courses until more recent years. It is not unusual to 
find plant breeders who have not had even one course in entomology. 
Management seems to be the popular concept in insect control, and control by insecticides 
and resistant varieties are two important parts of this management. Host-plant resistance to pro-
tect crop plants from insect populations should be just as important where insect problems occur 
as is host-plant resistance to protect crop plants from plant pathogens. The ease and rapidity 
1 Journal Paper No. J-7878 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project No. 1923. Paper presented January 29, 1974, at Iowa State University 
in a seminar series, Interdisciplinary Research to Develop Integrated Plant Pest Management 
Systems. 
2 Professor of Plant Breeding, Department of Agronomy, Iowa State University, Ames, Iowa 
50010. 
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with which we usually have been able to find effective insecticidal control when a destructive 
pest has arisen probably has caused control measures to be strongly weighed toward insecticides. 
The use of insecticides in the U.S.A. has been about four times the use of fungicides (Metcalf, 
1972), although much of the insecticides have been used on one crop, cotton. Insecticides should 
be considered more as an immediate and, in some instances, a temporary measure, and crop 
variety resistance as a long-time aspect of control. Perhaps the concern with pollution will cause 
more emphasis to be given to variety resistance. 
Insect-resistant varieties have contributed significantly to the control of insect populations. 
Gallun and Reitz (1971) indicated that since 1942 26 Hessian, fly-resistant wheat varieties have 
been released, and in 1969 these were grown on 8.5 million acres in 34 states. Suneson (1960) 
has noted that, since the release of Big Club 43 wheat in California in 1943, insect surveys have 
shown scarcely any Hessian fly puparia even in susceptible varieties; whereas, in 1921 to 1943, 
surveys showed 50 to 100% annual infestation. The spotted alfalfa aphid, Therioaphis maculata 
(Buckton), was first discovered in Mexico in 1954, and in only 3 years a new resistant variety 
named Moapa was released (Hanson, 1961). Hanson estimated that the cost to develop Moapa 
was $30,000, and in 1960 the value of this variety was $1.5 million in Arizona, California, and 
Nevada. It was further estimated that by 1963 the value of this variety in the three states would 
exceed $3 million. Luginbill (1969) estimated that varieties resistant to the spotted alfalfa aphid 
gave an annual savings of $35 million. Sprague and Dahms (1972) indicated that the annual loss 
caused by insects on cotton in 1951 to 1960 was $47.5 million on 10 million acres, and that the 
cost of insecticides was $64.9 million in 1966. The value that could be realized by effective re-
sistance to the cotton bollworm and the cotton boll weevil is obvious. 
Annual corn losses caused by insects in the years 1951 to 1960 were $527.3 million on 65 
million acres in the U.S.A. (Sprague and Dahms, 1972). The European corn borer is among the 
most destructive insects on corn in the northcentral Corn Belt of the U.S.A. In 1970 the estimat-
ed loss by European corn borer in Iowa was $85 million. Most hybrids grown in Iowa have some 
resistance to the first-brood European corn borer; otherwise, potential losses would be high in 
some years if insecticides were not used. W. D. Guthrie and colleagues (unpublished results, Iowa 
State University) showed that most parent inbred lines of experiment station origin are suscepti-
ble to second brood, although, hybrids with strong stalks and shanks give effective tolerance. 
Penny and Dicke (1959) compared yields of corn single crosses whose parent lines were both 
susceptible, susceptible and resistant, or both resistant under treatments of natural infestation of 
first-brood European corn borer, supplemental first-brood infestation, and control by DDT spray. 
Some results from their study are summarized in Table 1. One resistant parent in the single 
cross gave appreciable resistance, and the most resistant parent, (Cl31A) in crosses with a sus-
ceptible line, gave almost as much protection as the DDT spray program. Scott, Dicke, and Penny 
(1965) showed that increased nitrogen levels and higher plant densities (two important field 
husbandry practices in our increase of corn yields in the last 15 years) caused increased yield re-
ductions by infestation of the first-brood European corn borer. They showed, also, that one highly 
resistant parent (Cl31A) in the single crosses caused the reduction in yield loss to be nearly ef-
fective as a spray treatment. 
Infestations of second-brood European corn borer may give significant harvest losses because 
of broken stalks and dropped ears. Actual grain development may be affected, however, as shown 
by Scott, Guthrie, and Pesho (1967) in a yield evaluation of 45 single crosses among 10 inbred 
lines when artificial infestation was used. Data in Table 2 are summarized from their study. In-
bred B52, the most resistant line, in single crosses with nine other lines had an average yield re-
duction of 4.1 %; whereas, the greatest loss of a susceptible line (W22) in combination with nine 
other lines was 11.2%. 
Starks, Eberhart, and Doggett (1970) studied the effects upon grain yield in sorghum of re-
covery from shoot-fly attack at Serere, Uganda. They pointed out that tolerance - the ability of 
the plant to recover after the primary attack by producing tillers, which subsequently produce 
satisfactory yields from heads that mature relatively evenly - seems to be the most 
promising type of resistance. In a study of crosses among six parent lines they obtained a correla-
tion of 0.86 between grain yield and percentage of recovered plants. In a second report Doggett, 
Starks, and Eberhart (1970) found a genetic correlation of 0.83 between yield and shoot-fly re-
sistance, the latter evaluated by counting the recovered plants after a shoot-fly infestation. 
Relatively few examples can be shown where resistance gives complete exclusion of the in-
sect in the crop species, and, indeed, total control may not be necessary or desirable. In some in-
stances total control may be conducive to shifts for virulence in the insect population, thus caus-
Parent 
line 
WF9 
Bl4 
38-11 
Nl6 
R71 
Table 1. Yields and European corn borer leaf-feeding ratings for 18 single-cross hybrids, 
grouped by parent inbred lines compared at Ankeny, Iowa in 1955, 1956, and 1957 
(Penny and Dicke, 1959). 
Leaf 1 
Yield in bushels eer ac re 
Plants 
Number feeding sprayed Natunil Artificial 
of rating dth DDT infes tation infestation 
hybrids 1-9 (1) (2) (3) 
-
5 6. 7 93.3 81. 9 76. 3 
6 6.0 88 .4 83.0 80 .1 
4 5.9 86 .6 79.6 74 .0 
6 4.6 95.5 88 .4 83 .0 
5 4.2 ' 9 2 .1 85.0 83 .6 
(WF9 x 458-l)sel. 4 3 .1 95.4 91. 9 90.3 
CI31A 6 2.8 96.5 93.8 92.0 
1 Artiiici Al infest ~ tion; l=resi s t ~nt, 9=su sceptible. 
Difference 
(1 vs. 3) 
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Table 2. Yield reductions caused by second-brood corn borer for each corn inbred line in a 
diallel of 10 lines and cavities per plant for lines and average for lines in crosses. 
(Scott et al. 1967). 
Yieldl Cavities/plant2 
Inbred decrea~e , 7. Inbred Crosses 
B52 4.1 0.6 2.0 
R101 3.6 1.9 2.9 
B69 5.2 2.7 3.2 
B64 7.6 3.6 3 .6 
B55 9.6 3.8 3.8 
Oh43 7.6 5.4 3.5 
WF9 9.3 5. 8 4.0 
Hy 9.8 6.3 4.3 
W22 11. 2 7.1 4.9 
Ml4 10.9 8.7 5.7 
1 % difference between sprayed and manually infested plots, 
1963 and 1965. 
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ing an increase of a virulent strain. A more acceptable concept of control seems to be a level of 
resistance such that the damage to the crop is not of economic significance. For example, it may 
not be economically feasible to develop corn single crosses in which resistance to European corn 
borer will prevent losses of less than 5 bushels per acre. This amount of loss in a single-cross, 
seed-production field, however, would be economically significant and additional control by an in-
secticide is a logical procedure. 
Resistance to an insect pest may result because of antibiosis, tolerance, or preference. 
Detailed studies of the insect-crop relationship will be needed to determine the type of resistance 
most readily available and feasible for use. Consequently, a program designed to develop insect-
resistant varieties should evolve as a cooperative effort involving an entomologist and a breeder. 
Preferably, the entomologist should have had some training in genetics and breeding, and the 
breeder should have had some training in entomology. Also, they may need assistance from other 
professionals - biochemist, botanist, statistician, or agronomist. Certain phases of the program 
will be the major responsibility of the entomologist, others will be the major responsibility of the 
breeder, and still other phases will require· participation by both. An effective cooperative pro-
gram is more likely to be achieved if both members have an interest in and some understanding 
of each other's profession. 
DEVELOPMENT OF A PROGRAM TO BREED FOR 
INSECT-RESISTANT VARIETIES 
l. The entomologist will need to work out the details in the life history of the insect if they 
are not already known. A thorough knowledge of the biology of the insect pest is essential to 
permit laboratory-rearing programs that may be needed to have effective artificial infestations. 
2. Usually, when a new insect pest appears, a search will have to be made for resistant plant 
types that may occur in adapted varieties, introduced or exotic varieties, or related species. 
Generally, resistance from adapted materials is of more immediate use than resistance from in-
troduced sources of the same species, and resistance from introduced sources is more useful than 
resistance from related species. The use of resistance genes from introduced germ plasm or relat-
ed species frequently causes problems of adaptation or chromosome irregularities that may re-
sult in considerable delay in the use of the resistance. Almost always, difficulties arise because of 
chromosome linkage between gene loci conditioning resistance and other agronomic characters. 
Genetic diversity in resistance is important, however, so genes for resistance in exotic germ 
plasm should not be ignored even though satisfactory resistance is available in adapted 
materials. 
3. When sources of resistance have been found, the genetics of resistance should be analyzed. 
In some instances study of the genetics of virulence in the insect may be equally important. The 
genetics phase does not necessarily preclude setting up any breeding program. Usually, the 
breeder and entomologist would be able to hypothesize enough genetic information to permit 
some preliminary breeding. Detailed breeding plans should not be developed, however, until 
some genetic information has been obtained. The biological basis for resistance in the plant may 
be studied, but usually knowledge of this feature is not necessary for the development of an effec-
tive breeding program. 
INHERITANCE OF HOST-PLANT RESISTANCE 
The kinds of inheritance observed in host-plant resistance may be broadly categorized into 
two types, (a) simple, in which resistance is conditioned by a major gene or by not more than two 
or three major genes, (b) complex, in which resistance is conditioned by several genes. Although 
the single-gene type of resistance may be simple, it may become complex when all details become 
known. For example, the insect may have several strains, each with a different gene for 
virulence; and a different locus in the host plant may be responsible for resistance to each strain. 
Or, the crop species population may have several alleles at a specific locus, each allele condition-
ing resistance to a different strain of the insect. 
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It seems that insect resistance is more frequently conditioned by several genes, and the type 
of inheritance may be referred to as polygenic. The individual locus effect is small, but the effects 
of several loci are cumulative. The expression of resistance, consequently, is increased as the fre-
quencies of these genes in the plant population are increased. A genetic analysis is for all loci 
that affect the character. Complete dominance for resistance or susceptibility usually is absent, 
but partial dominance is common. Frequently, the expression for resistance is affected by the en-
vironment. For practical purposes, when more than three genes are known to condition re-
sistance, the inheritance is polygenic, and breeding methods are planned accordingly. 
Sometimes one may find examples in the literature of frequency distributions being ex-
plained by a complex genetic mechanism involving two, three or four loci. Assumptions are made 
for unequal effects among the loci for character expression, different levels of dominance at each 
locus, and even interaction among loci. Although the frequency distributions of F3 progenies and 
selfed progenies of the backcrosses fit the proposed array of genotypes, it is doubtful that the in-
formation has any real value to the plant breeder. Such data can show considerable variation 
among locations, among seasons, and among crosses of different varieties. Consequently, the 
genetic analysis may apply to only one situation and be too specific for general application. 
Athwal et al. (1971 ) studied the i"nheritance of resistance in several varieties of rice to the 
planthopper, Nilapawata lugens Stal., using a rating scale of 0 (most resistant) to 5 (most suscep-
tible). F2 distributions for some of the crosses and parents are shown in Table 3. Variety TNI 
was classified as susceptible; the other three varieties were classified as resistant. 
Presumably, Athwal et al. used parents that were pure lines, and, therefore, homozygous and 
homogeneous for genotype. Also, it may be assumed that the insect pest was a single strain with 
respect to reaction with the host. Frequency data in Table 3 suggest some genetic variation in 
either the host or the pest, or that variation occurred because of some uncontrollable environ-
mental agent. Variation in expressivity is a common situation in this kind of study; there is 
seldom a discontinuous distribution, even when the expression is controlled by alleles at one 
locus. Consequently, this is the main reason for using a rating scale. 
To apply the tests of significance for fit of these data to single-factor segregation, Athwal 
et al. considered the intermediate class resistant if resistance was dominant, but susceptible if 
resis~ance was recessive. Manipulation of figures to have the data fit a simple genetic explana-
tion should not be accepted as conclusive because the real genetic interpretation may be more 
complex. 
Two kinds of inheritance are evident in the F2 data; resistance in ASD7 is recessive to sus-
ceptibility in TNI, whereas resistance in C022 and MTU15 is dominant to susceptibility. F2 data 
should always be confirmed by an F3 analysis in which readings are on the basis of a progeny 
mean rather than the single plant because the F3 analysis may reveal a more complex genetic 
situation than is evident in the F2. In this particular study the assumptions for rating 3 in the 
F2 data may be questioned, but the F3 analysis (Table 4) shows that the assumption was correct; 
therefore, a single locus was involved. Further analysis of resistant x resistant crosses among the 
three varieties indicated that only one locus was involved. 
Weibel et al. (1972 ) presented F2 data for reaction of sorghum progenies to attack by the 
greenbug. There was an apparent segregation into resistant, intermediate, and susceptible 
classes that fit a 1:2:1 ratio in several crosses. Therefore, the authors concluded that the re-
sistance was controlled by a major gene with incomplete dominance. This conclusion should have 
been confirmed by an F3 analysis. 
Probably a more detailed genetic analysis is available for the host-plant, insect relationship 
for wheat and the Hessian fly than any other example. In this instance genetics of resistance in 
the host and of virulence in the insect have been worked out. Gallun (1972) summarized these 
studies in a paper presented in a symposium at the 1971 annual meetings of the Crop Science 
Society of America. The host-pest relationship is basically an example of simple gene action; but, 
because of the occurrence of several genes for resistance in wheat varieties and definite iden-
tification of races within the insect population, the total genetic situation is complex. Research at 
Purdue University laboratories has revealed eight races of the Hessian fly that differ in their 
ability to survive and develop on wheats having different genes for resistance. 
Some significant features of the genetic analysis were summarized as follows by Gallun: 
1. The inability of one race of Hessian fly to infest a wheat variety having a specific gene 
conditioning resistance is dominant in a cross to the ability of another race to infest this same 
variety. 
Table 3. Classification of parents of F 2 plants of susceptible x resistant reaction to the brown 
planthopper (Athwal et al. 1971). 
No. seedlings classed 
Parent Resistant Intermediate SusceEtible P-values 
or cross 0+1 2 3 4 5 3:1 or 1:3 
TNI 2 12 347 
ASD7 109 24 1 
C022 36 54 1 
MTU15 44 
I 
TNI x ASD7 158 48 40 27 554 0.95 - 1.00 
TNI x C022 141 358 80 13 188 0.65 - 0. 70 
TNI x MTUl 5 204 23 21 52 0.80 - 0.85 
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Table 4. Classification of F3 lines of susceptible x resistant crosses for seedling reaction to the 
brown planthopper (Athwal et al. 1971). 
No. lines 
Res is- Segre- Sus- P-value 
Cross tant gating ceptible 1:2:1 
TNI x ASD 7 34 77 40 0.75 - 0.80 
TNI x C022 32 63 22 0.35 - 0.40 
TNI x MTUl 5 35 65 30 0.80 - 0.85 
i:.11 
~ 
""" 
~ 
c:: 
00 
00 
~ 
t"" 
r. 
t:C 
~ 
~ 
~ 
0 
52 
a 
> z 
0 
a 
~ 
z 
~ 
-"3 
...... 
0 
00 
52 
0 
0 
z 
-"3 
~ 
0 
t"" 
0 
lotj 
52 
00 
~ 
0 
-"3 
"'C 
~ 
00 
-"3 
00 
INTEGRATED PLANT PEST MANAGEMENT SYSTEMS 535 
2. During spermatogenesis all paternally derived chromosomes are eliminated, and the 
sperm receives only maternally derived chromosomes. 
3. Any dominant gene for resistance will function against a race if the insect does not have a 
specific recessive gene for virulence. A plant may have a number of dominant genes for re-
sistance, and the Hessian fly may have many genes for virulence, but only one gene for re-
sistance is necessary if the insect does not have the matching recessive gene for virulence. 
4. Interracial studies have shown that, for every single gene for resistance in the wheat 
plant, there is a single gene for virulence in the insect, and it functions only in the recessive con-
dition. 
With this genetic knowledge the researcher can make predictions relative to new races of 
the fly that may occur. Also, it permits the laboratory production of new fly races that do not oc-
cur naturally. These laboratory races permit the development of resistant wheat varieties before 
the races actually occur under natural conditions. For example, in Table 5 the genotypes for 
eight races of Hessian fly are shown. Races F and G do not occur naturally, but were developed 
in the laboratory. Selection of these races from segregating progenies was accomplished by stu-
dying the reactions of specific wheat varieties. Because none of these races has TT or h5h 5 , these 
are all the races that can be obtained for these five loci. If a race with T should be located, 
however, the number of different genotypes would be increased to 16, and, if a race with h5h5 is 
located, the number of different genotypes is increased to 32. The problems and complexity of the 
situation to the wheat breeder are obvious. 
Several other examples exist for resistance to an insect being conditioned by genes at a 
single locus. The investigator must realize that a change in the rating scale may cause the 
genetic interpretation to change. Also, a change in the laboratory methods may cause a similar 
change. Examples of the latter are evident in the studies by Chada et al. (1961) and Curtis, 
Schlehuber, and Wood (1960) in their genetic analyses for resistance in wheat to greenbug 
[Shizaphis graminum (Rondani)]. Olembo, Patterson, and Gailun (1966) found in a study of re-
sistance to Hessian fly in barley (Hordeum uulgare L. ) that F2 reactions in Delta (resistant) x 
Mars (susceptible) translocation crosses could be explained on the basis of one factor pair under 
cool greenhouse temperatures, but that two complementary, dominant genes were necessary un-
der warmer greenhouse temperatures. Also, the type of inheritance may be complex because of 
polyploidy. For example, in alfalfa, which is an autopolyploid, Glover and Stanford (1966) found 
one dominant factor conditioning resistance to the pea aphid, Acyrthosiphon pisum (Harr.), but 
reactions in S2 progeny were in accordance with a tetrasomic interpretation. 
Extensive research has been done on the inheritance of resistance to the European corn 
borer. Our studies in Iowa refer to either first-brood or second-brood resistance, but this is 
terminology based on convenience. Two stages of plant growth are involved, and, because the 
stages correspond to the first and second broods in Iowa, we have used this terminology. Actual-
ly, we have resistance to leaf feeding in the whorl stage of plant development (pretassel stage) 
and resistance to sheath and collar feeding when vegetative growth is complete (pollen de-
hiscence and later stages). The brood of the borer used to identify these two kinds of resistance is 
of no significance. This clarification is important because, if one is involved in a corn-
borer-resistance program in a location where stages of corn-plant development do not coincide 
with first and second broods, the host-insect relationship may seem different from what I have 
described. (For convenience, however, I will use the terms first- and second-brood resistance in 
the remainder of this discussion. ) 
It is essential to distinguish between the two kinds of resistance that we observe in Iowa. 
They are not the same; i.e., inbred lines resistant to first-brood may not be resistant to se,;ond 
brood; inbred lines resistant to second brood may not be resistant to first brood; still other inbred 
lines may have some resistance to both broods. Plants or progenies in the whorl stage (pretassel) 
are classified for reaction to first brood by a rating scale of 1 (highly resistant) to 9 (highly sus-
ceptible). We classify for second-brood resistance by splitting the stalks and counting the cavities 
per 2.54 cm of stalk about 8 weeks after manual infestation. Data in Table 6 show evaluations 
for 10 inbred lines under artificial infestations. Inbred B52 has the best resistance for second 
brood, but is moderately susceptible to first brood; inbreds B49 and CI31A are highly resistant to 
first brood, but have only intermediate resistance to second brood. Inbreds B52 and Ob43 have 
similar ratings for reaction to first brood, but Oh43 is highly susceptible to second brood. There 
is some indication for a positive relationship between the genetic causes for the two kinds of re-
sistance. This may be an erroneous conclusion, however, because the data are for a highly select-
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Table 5. Genotypes of Hessian fly races (Gallun, 1972). 
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Table 6. European corn borer first-brood leaf-feeding ratings and second-brood cavity counts for 
mean performance of corn inbreds per se and in single crosses. 
Inbre d 
B5 2 
RlOl 
Bl4A 
CI31A 
Oh43 
B49 
B37 
Hy 
WF9 
W22 
Rating2 
1-9 
6.0 
9.0 
9.0 
2.0 
5. 7 
1. 7 
8.7 
8 . 7 
9.0 
7.0 
Inbredl 
Cavities 
No. 
2 . 8 
9.2 
9.1 
7 .1 
13. 7 
7.4 
13.1 
18.1 
18.7 
19. 8 
Single crossl 
Rating2 
1-9 
5. 2 
6.1 
5.8 
3.1 
5.3 
2 .6 
6.3 
5.5 
6.6 
5.5 
Cavities 
No. 
5.0 
6.8 
7.0 
5.6 
7.2 
6.6 
6. 2 
7 . 3 
10.4 
10.7 
1 Cav ities vs. ratings: r=0.4 79 (inbreds) and 0.432 (hybrids) 
~ l=res istant, 9=susce ptible. 
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ed group of lines. Similar data (unpublished) collected for 300 S 1 lines from BS9, a synthetic 
population, showed no correlation for first-brood ratings and second-brood cavity counts. 
Further evidence for lack of a strong genetic relationship between the resistance to first- and 
second-brood corn borers was obtained when we evaluated resistance in 178 inbred selections 
(unpublished ). Ninety-eight lines had first-brood ratings of 1, 2, or 3, but none was equal to B52 
for second-brood resistance. Total cavity count for B52 was 3.2; Oh43, a susceptible check for 
second brood, had a 15.0 cavity count; and for the first-brood-resistant selections, the best cavity 
count was 5.5. Twenty-seven of the 98 selections had a cavity count of less than 10, but 20 had a 
cavity count greater than 15. 
Genetic analyses have indicated, and results from our breeding program have verified that 
in most instances resistance to first-brood European corn borer is conditioned by genes at several 
loci and that the effects are cumulative among loci. Because the effect of each gene is relatively 
small and dominance is only partial , or even negligible in some instances, the greatest ex-
pression of resistance is observed when each locus has two alleles that condition resistance. In 
one study Penny and Dicke (1957) had distributions for F3 and selfed backcross progenies that 
fit a one-locus segregation, but effects for single locus are usually difficult to isolate. 
First-brood data in Tables 7 and 8 (Penny and Dicke, 1956) show visual ratings for in-
dividual plants of the parents and Fl and frequency distributions for means of F3 progenies and 
self progenies of backcrosses. No simple genetic scheme can be devised to explain the segrega-
tions of the F3 or backcross progenies. 
Scott, Dicke, and Pesho (1966), using a cytogenetic technique, identified five chromosome 
arms in CI31A and six arms in B49 as carrying genes associated with resistance in these lines. 
Because of a problem of identification in the technique, these numbers must be considered a 
minimum in each line. 
Klun et al. (1970), in a study of selected lines and single crosses, obtained correlations 
between first-brood resistance ratings and the log10 concentrations of DIMBOA of -0.89 for the 
inbred parents and -0.74 for the single crosses. These correlation values may be biased because 
they were obtained for a selected set of lines. In a more recent study (unpublished) we obtained a 
correlation of -0.36 for 215 S1 lines from BSl, a synthetic population. More recent data from a 
selection study (unpublished) indicate that other factors, in addition to the DIMBOA concentra-
tion, may be contributing to leaf-feeding resistance. 
Jennings et al. (1974) used a generation mean analysis to obtain information on the genetic 
basis of resistance to second-brood European corn borer. They made cavity counts in Pl, P2, Fl, 
F2, BCl, BC2, F3, and selfed progenies of both backcrosses. Mean values for nine generations in 
four crosses are shown in Table 9. Because the Fl value is less than the mean of the two parents 
in all crosses, we have partial dominance of resistance from B52, the resistant parent in all 
crosses. The data show, also, that the degree of dominance depends upon the susceptible parent. 
Although Oh43 and WF9 were equally susceptible, the Fl generations indicate a genetic dif-
ference in these lines. Frequency distributions for the F3 lines and selfed progenies of the 
backcrosses in one cross, B52 x Oh43, do not indicate a simple segregation. Jennings, Russell , 
and Guthrie (1974) used a diallel analysis involving 10 inbred lines to study genetics of second-
brood resistance. Significance for heterosis and nonadditive gene action were observed, but ad-
ditive gene action accounted for most of the genetic variation. In both studies the lines used were 
a highly selected sample; consequently, inferences made from these data for corn populations 
may not be valid. 
BREEDING METHODS 
To plan an efficient breeding program, genetic information is needed for the inheritance of the 
character involved, but the botanical characteristics of the plant may be the main determining 
factor in the breeding methods used in varietal improvement of a crop species. Cross pollination 
is the natural situation in corn, but pollination control by hand techniques is easy, thus permit-
ting self or cross pollination. The corn plant permits breeding schemes that may include self 
pollination, cross pollination, or both, and a large number of pollinations and seeds can be ob-
tained without great effort. 
Alfalfa is a cross-pollinated crop, with various insect species serving as pollinators. Hand-
controlled techniques are less easily applied than with corn, and self pollination frequently re-
Table 7. Frequency distributions of European corn borer leaf feedings ratings for plants of 
parents and Fv F3, and backcross self progenies (Penny and Dicke, 1956)1. 
1 . h . 2 No. p ants wit ratings 
Family 1 2 3 4 5 6 7 8 
Ml4 1 3 3 12 so 
Msl 64 29 16 8 8 1 
F1 7 2 9 20 44 61 32 
F3 1 3 12 26 46 51 48 
B1 €9 5 31 60 
B2$ 4 12 26 32 34 12 1 
-
1 Cross M14 x Ms l. 
2 1 = resistant and 9 = susceptible. 
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Table 8. Frequency distributions for European corn borer leaf feeding ratings for plants of 
parents and Fv F3, and backcross self progenies (Penny and Dicke, 1956)1 . 
No. plants with ratings2 
Family 1 2 3 4 5 6 7 
Bl4 3 9 23 60 
N3 2 31 48 37 46 4 1 
F1 2 12 51 51 52 31 
F3 1 3 12 30 31 35 
B1& 1 9 30 
B2 e 1 9 22 34 35 18 
Cross Bl4 x N32. 
2 1 = resistant and 9 = susceptible. 
8 9 
53 38 
6 1 
19 7 
31 9 
3 1 
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Table 9. 
Generation 
P1 
P2 
Fl 
F2 
BC1 
BC2 
F3 
BC1S1 
BC2S2 
Number of European corn borer cavities per stalk based on 100 plants in 10 replica-
tions (Jennings et al. 1974). 
1%8 1969 
B52 x 1289 B52 x B39 B52 x Oh43 B52 x WF9 
0.76 0.96 1. 59 1. 51 
12.70 9.04 16.69 13 .19 
3. 77 3.04 2.99 4.63 
4.57 3.97 6.16 10.31 
2.05 2.39 3.04 4.18 
7. 78 5.36 8 .5 2 8 . 73 
4.72 4.52 6.83 10. 32 
2.31 2.46 3.46 6.15 
8.82 6.76 8 .99 8 .59 
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sults in sterility and much reduction in vigor. Certain breeding techniques consequently are 
more difficult in alfalfa than in corn. By contrast, however, asexual propagation can be used with 
alfalfa, which is not possible with corn, and this permits the alfalfa breeder to do some things 
that corn breeders cannot do. 
In the self-pollinating crops such as soybeans and small grains, it is much more difficult to 
make crosses; the number of seeds obtained per unit of time is much fewer . Consequently, some 
procedures used with cross-pollinating crops may be difficult to apply to self-pollinating crops. 
Sometimes this problem may be alleviated by a male-sterility mechanism, which permits a 
greater number of crosses. 
A simply inherited character usually is controlled by genes at one locus, but sometimes two 
or three loci may be involved. Phenotypic expression usually is distinct so that it is 
relatively easy to identify the desired type. With this kind of inheritance and the use of adequate 
identification techniques, the pedigree method, the back-cross method, or a combination of the 
two may be used effectively. Breeders also have used modifications of these to fit their needs, but 
I will not elaborate these methods here. 
If cross pollinations can be made without difficulty and if the main purpose is to transfer a 
readily identified insect resistance to a susceptible, but otherwise acceptable, variety, the 
backcross method is used. Except for the chromosome segment that carries the genes condition-
ing the resistance, the genotype of the recurrent parent is recovered in the sequence of 1/2, 3/4, 
7/8, etc., for the initial cross and backcross generations. After five backcrosses approximately 
98% of the recurrent parent has been recovered. Unless some important genes are linked with 
the loci transferred from the resistant source, the recovered line will be very similar to the recur-
rent parent. Some testing is recommended, however, to determine if there are important 
effects other than the added insect resistance. 
Perhaps the relative ease with which the backcross method can be used to transfer a sim-
ply inherited character to an adapted variety may be detrimental. The breeder may have as a 
prime purpose the recovery of the adapted variety as nearly as possible, with the only apparent 
change being in the character transferred. Thus, very few new genes are added to the gene pool 
of commercial material. This practice in many of our crop species has resulted in a restricted 
genetic diversity, which is an ideal situation for the development of new biotypes of crop pests. If 
fewer backcross generations were used, more genes from the nonrecurrent parent would be added 
to the gene pool. 
Wheat and oat breeders have used the pedigree and backcross methods for many years to de-
velop varieties resistant to the rusts. Frequently, resistance to a rust race has depended upon one 
locus that has soon become ineffective because the pathogen has quickly built up a race that re-
sulted from mutation or genetic recombination. Breeders and pathologists have suggested the 
use of multiline varieties in which the disease resistance is not conditioned by a single gene 
(Borlaug, 1953; Borlaug and Gibler, 1953; Jensen, 1952; Browning and Frey, 1969). Multiline 
oats, which have resulted from this procedure, have been available in Iowa for several years. A 
multiline variety of oats consists of several isolines, and each isoline is different from the other 
isolines in its genotype for resistance to crown rust. Thus, the resistance in the host is genetically 
diverse and is not conducive to the build-up of a single rust race. 
Because the Hessian fly, the spotted alfalfa aphid, and other insect species are known to 
have strains or biotypes that differ in genetics for virulence, breeders and entomologists working 
in host-plant resistance with the hosts of these pests need to maintain genetic diversity in their 
breeding programs. For example, a gene for virulence in the Hessian fly against the H5 gene in 
Ribeiro wheat has not been found in the population (Gallun, 1972). It is possible, however, that 
this gene exists in the wild population, or a single-gene mutation could occur, and it would take a 
relatively short time for use of Ribeiro to cause a build-up of this race. 
Wheat genes that condition resistance to specific strains of the Hessian fly have been used 
effectively to develop highly resistant varieties. But, could these genes have been used more ef-
fectively to control the insect population? As new wheat varieties have been developed to give 
pest resistance, new virulent strains of the pest have continued to evolve. Seemingly the 
multiline concept, which has been used in Iowa for control of crown rust on oats, could be used in 
the control of Hessian fly. Suneson (1960) proposed "breeding methods that give multigenic re-
sistance in multiline varieties, and thus provide for race diversity, dispersal, and dilution of 
pests." If the wheat is for use in the milling and baking industry, the variability that .this pro-
cedure would give in a variety may cause problems in quality control. 
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Nielson et al. (1970) studied the reaction of five biotypes of the spotted alfalfa aphid to the 
nine parent clones of the Moapa alfalfa variety (Table 10). All parent clones of Moapa are resis-
tant to strain ENT-B, which was not available for their study. Their results revealed differences 
among the biotypes for virulence on the nine clones, and all were different from ENT-B. The 
spotted alfalfa aphid evidentally is genetically variable for virulence; new strains may evolve to 
cause a resistant alfalfa variety to become partly or completely susceptible. The authors suggest-
ed that strain F evolved from A, which previously had evolved from B. They further indicated 
that A had developed in 4 years, and Fin 10 years. 
The success that may be achieved in a backcross breeding program depends partly on the 
number of genes affecting a character expression and the expressivity of the genes. If the breeder 
knows the number of genes affecting a character, then he can plan the program to enhance his 
chances of achieving success. For example, the data in Table 11 show the number of plants 
needed in a segregating generation of a backcross program to give 19:1 and 99:1 odds of not miss-
ing the desired genotype. With as many as four segregating loci, the number of plants is not ex-
cessive if selecting for only one character, but identification is a problem. For example, when 
there are four loci, the desired genotype in a backcross generation is heterozygous at all loci. Can 
this genotype be identified from a genotype segregating at only three loci? 
In our earlier efforts to breed for resistance to the European corn borer, the backcross 
method did not give satisfactory success in transferring resistance to a susceptible inbred line. 
We could not identify the desirable genotypes in the segregating generations; consequently, 
when we used more than two backcrosses, we lost the level of resistance that was needed. By in-
termating among resistant plants in progeny of the first or second backcross, we were able to in-
crease the level of resistance and also to select for the plant type of the recurrent parent. 
In an F2 progeny or a heterogeneous synthetic population in which the gene frequencies at 
segregating loci are 0.5, the data in Table 12 show, for one to six loci, the proportions of the 
genotypes expected to carry at least one favorable allele at each locus. If the gene frequencies at 
one or more of these loci are fewer than 0.5, as may well occur in a heterogeneous population, 
then the frequencies for the required types become fewer. Also, if there is incomplete or no 
dominance and effects over loci are cumulative, identification becomes difficult. For example, 
could the breeder identify between AABBcc and AaBbCc? Yet, the latter is the desired genotype 
because it is a potential parent from which to derive AABBCC. 
We have found that most heterogeneous populations, both old open-pollinated varieties and 
synthetics, carry genes that condition resistance to first-brood European corn borer. Usually, the 
frequency of resistant genotypes is too low to permit direct selection of resistant lines that have 
other required agronomic traits. Efficacy of direct selection of resistant genotypes can be 
enhanced if breeding procedures are used to increase frequencies of genes conditioning resistance 
in the corn population. 
The effectiveness of selection practiced to improve a population is based on the utilization of 
additive genetic effects. Several methods are available, and all methods include some form of re-
combination of the superior individuals or families that have been identified in an evaluation 
program. The primary objective is to increase the frequencies of desirable alleles and enhance 
the opportunities for the development of superior lines. Jenkins (1940) proposed the term, recur-
rent selection, wherein the superior individuals, based on topcross performance of S1 lines, were 
recombined to improve a synthetic variety. Recurrent selection now is used in a broader context 
to include all methods of selection that involve the recombination of superior genetypes to form 
populations for continued selection. Inasmuch as the various methods have been described in de-
tail by Sprague (1955a,b; 1966), Gardner (1961), and others, descriptions will not be presented 
here. 
Data presented in Table 13 give the basis for using a recurrent-selection scheme to increase 
frequencies of the favorable alleles. With five loci and a frequency of 0.2 at each locus for the de-
sired allele, only six of 1000 plants would be expected to have at least one favorable allele at 
each locus. If this frequency is increased to 0.7 by a recurrent-selection scheme, the number of 
plants is 624 per 1000. The importance of increased frequencies of the desired alleles to inbred 
selection is obvious. Identification of plants that have the desired genotypes will be a problem, 
but this problem becomes less critical as the gene frequencies are increased. 
Ideally, the recurrent-selection scheme increases the gene frequencies for the character un-
der selection without causing detrimental changes for other agronomic characters. In selecting 
the resistant types for recombination, we may have some opportunity to select for other 
agronomic characters, particularly in the second and third cycles when gene frequencies for re-
Table 10. Mean aphid survival of five spotted alfalfa aphid biotypes confined on parent clones of 
Moapa alfalfa (Nielson et al. 1970). 
BiotyEe 
Clone ENT-A ENT-C ENT-D ENT- E ENT-F 
C-903 11.osl 0.2R OR 10. 0S 14. 7S 
904 3.0I 0.3R OR ll. 6S 6.61 
905 0.6R OR OR 42 .6S 16.6S 
906 OR OR OR 0.5R OR 
907 OR OR OR l.OR 1. 7R 
908 42 .15 OR OR 21. 8S 16. 2S 
909 OR OR OR 3. 7I 2. 7I 
910 0.3R OR OR OR 4.0I 
911 26.JS 10.JS 28 . JS 25 . JS 22 .0S 
1 Alfalfa clones with less th an t wo live aphid s at the end of seven 
days were class ified re s i s t ant, 2-9.9 aphids, int e rmedi at e r e -
sistant, And 10 or more aphid s , s usce ptibl e . 
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Table 11. Plants needed to be certain of not missing the desired genotype in a backcross pro-
gram. 
Probability level 
Loci .05 .01 
1 5 7 
2 11 16 
3 23 35 
4 47 72 
10 3068 4717 
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Table 12. Proportion of genotypes expected to have at least one favorable allele per locus when 
gene frequency is 0.5. 
No. Proportion of 
loci favorable genotypes 
1 3/4 
2 9/16 
3 27/64 
4 81 / 256 
5 243/1024 
6 729/4096 
~ 
~ 
~ 
::0 
e 
w 
w 
trj 
t"" 
t' 
t:O 
::0 
trj 
trj 
tl 
z 
0 
> z 
tl 
0 
trj 
z 
trj 
""3 
cs 
w 
z 
(":l 
0 
z 
""3 
::0 
0 
t"" 
0 
"rj 
z 
w 
trj 
(":l 
""3 
"tl 
trj 
w 
""3 
w 
Table 13. Number of genotypes per 1000 plants that have at least one favorable allele at each 
locus for N loci for indicated values of q, where qA = qB ---qN in a random-mating 
population. 
N 
q 5 10 ls 20 50 
o. 20 6 
0.50 237 56 13 3 
0. 70 624 389 243 152 9 
0.90 951 904 860 818 605 
0.95 987 975 96 3 951 882 
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sistance are higher. The premise is that each selected line will carry some genes for resistance; 
thus, among the selected lines will be included most of the genes that were in the source popula-
tion. The rate of progress will depend upon the number of loci and the frequency of desired al-
leles at those loci. Positive identification of resistant selections is necessary; thus, reli-
able artificial-infestation techniques are necessary in most programs. 
The successful development of resistant varieties or populations by recombination of resis-
tant selections is evident from several examples in the literature. The spotted alfalfa aphid 
became a serious threat to alfalfa in 1954, but in only 3 years breeders developed the resistant 
variety, Moapa, by recombining nine resistant clones into a synthetic (Hanson, 1961). Harvey et 
al. (1960) described a mass-selection procedure used to develop the resistant variety, Cody. They 
used Buffalo as the source variety in which the initial screening for resistance included an 
estimated quarter-million alfalfa seedlings. From this initial screening, they identified 101 resis-
tant plants, which were further evaluated for resistance to the aphids. They finally identified 22 
highly resistant clones, which were recombined to give Cody. By 1971 more than 25 spotted, 
alfalfa-aphid-resistant varieties had been developed and released for commercial production. 
Cherokee alfalfa resulted after seven cycles of recurrent selection for resistance to insects 
and diseases (Dudley, 1963; Dudley, Hill , and Hanson, 1963). Data presented by Dudley et al. 
(1963) showed that Cherokee was improved significantly, relative to the source population, for 
resistance to Empoasca fabae (Harris ), which causes leaf yellowing and heavy defoliation, and 
that further progress could be expected with continued selection. 
Resistance to the corn earworm, Heliothis zea (Boddie), is dependent upon several genes, 
each with small effect. Widstrom (1972) and Widstrom and McMillan (1973) have shown that re-
sistance is based on both additive and nonadditive genetic effects. Widstrom, Wiser, and Bauman 
(1970) showed some progress for resistance in a corn population after four cycles of recurrent 
selection. Zuber et al. (1971) used mass selection to achieve good progress in two populations. 
Mass selection reduced the percentage of ears with kernel damage from 80.8% to 58.7% in the 
10th cycle of one population and 64.5% to 39.2% in the 10th cycle of a second population. 
Penny, Scott, and Guthrie (1967) showed that recurrent selection, based on the evaluation of 
8 1 progenies and recombining some portion of resistant lines, was very effective in increasing the 
level of resistance to first-brood European corn borer in five corn populations. Data in Table 14 
show that the populations have been changed from susceptible to resistant in three cycles of 
selection. Even one cycle of selection made substantial increases in the frequencies of resistant 
S1 lines. In the C3 populations extraction of resistant lines is relatively easy, and more attention 
can be focused on other agronomic traits. 
Preliminary genetic analyses for resistance to second-brood European corn borer indicate a 
polygenic inheritance (Jennings et al., 1974). Evidently, frequencies of genes that condition 
second-brood resistance are low in Corn Belt populations; consequently, population improvement 
is needed to increase the gene frequencies. We have established a recurrent-selection program in 
which we are attempting to improve a synthetic population for resistance to both first and second 
broods. The S0 plants are infested in the leaf-whorl stage and resistant plants are self-pollinated. 
The S1 progenies · are evaluated in replicated trials for first- and second-brood resistance, with 
separate trials, and the best 10% of the lines are recombined to give an improved population. 
Genetic progress will be slower than that obtained by Penny et al. (1967) when they were select-
ing for only first-brood resistance. 
The western corn rootworm has been a serious pest in Iowa for more than 10 years. So far, 
tolerance has been the most useful resistance to corn breeders. Tolerance involves a large root 
system and the ability of the plant to generate new roots after damage has been done by the 
rootworm larvae. Wide differences occur among corn inbred lines for this tolerance, and we are 
using recurrent selection to develop more resistant populations. 
Information is needed for the level of insect resistance required in a crop so that losses of 
economic importance usually will not occur. We have not had severe losses due to the European 
corn borer in Iowa for several years. Presumably, corn hybrids being grown have enough first-
brood resistance to prevent heavy infestations. Second-brood resistance is lacking, but tolerance 
because of good stalk strength and tough shanks is present. We can develop materials with much 
higher levels of resistance to both broods, but we should know the level of resistance needed so 
that we will not encourage the development of more virulent strains of the insect. Changes for 
virulence in the European corn borer have not been observed in Iowa. 
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Most recurrent-selection programs reported in the literature have involved improvement for 
only one character. Better evaluation techniques and cooperation among disciplines should 
permit improvement for several traits. The rate of progress for any single trait will be slower 
than when only a single character is involved. Selection indices may be useful because they will 
permit weighting of a character, dependent upon its relative importance in the crop area. A suc-
cessful program also depends upon knowledge of breeding techniques and genetics; consequently, 
research related to these aspects should be a continuing part of the total program. 
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THE ROLE OF INSECTS IN SOME DISEASES OF MAIZE 
F. F. Dicke1 
ABSTRACT. Crop improvement programs are a continuing process by which are developed 
varieties of corn and other crops that perform satisfactorily under a range of environmental con-
ditions. Many species of insects become involved directly or indirectly in some important fungal, 
bacterial , viral, and spiroplasma diseases of maize. 
Fusarium spp. are associated with corn-root infestation by Diabrotica longicornis. The in-
cidence of corn smut, Ustilago maydis, and important stalk-rot organisms such as Diplodia zeae 
and Gibberella zeae are associated with European corn-borer (Ostrinia nubilalis) infestation. The 
bacterial leaf blight organism, Erwinia stewarti, over-winters in the corn flea beetle, 
Chaetocnema pulicaria, which is a primary vector of the disease in maize. Many species of aphids 
and leafhoppers are vectors of viruses and spiroplasmas, and are most prevalent on maize in 
warm, tropical climates. Following are some prominent vector species and the pathogens they 
transmit: Peregrinus maidis - maize mosaic virus; Cicadulina spp. - corn streak virus; 
Rhopalosiphum maidis - maize dwarf mosaic virus; Dalbulus spp. - corn stunt spiroplasma; 
Gramminella nigrifrons - maize chlorotic dwarf virus; and Aceria tulipae - wheat streak mosaic 
virus. 
INTRODUCTION 
In crop improvement primary consideration must be given to yield, quality, and 
harvestability under a range of environmental conditions. The experimentation through which 
our goals are achieved is a continuing process. An inbred line or variety may be reasonably 
homozygous or uniform, but the e~vironment to which it is exposed is in a continual state of flux. 
To counteract the plasticity of the environment, a plant breeder must compromise with genetic 
factors that will, in his judgment, produce the best end result. To achieve varietal improvements 
we need knowledge of the components that contribute to these end results. 
The role of insects in transmission or dissemination of microorganisms is an important part 
of the interdisciplinary, maize-development program. Problems with insect-transmitted micro-
organisms are encountered each year to a varying degree from the time of seed germination to 
plant maturity and storage of the grain. 
To begin with, the soil is a complex environment abounding in microorganisms, particularly 
fungi, that may infect plant parts injured by soil-inhabiting arthropods. 
Many species of insects become involved directly or indirectly in the fungal , bacterial, viral, 
and spiroplasmal diseases of the corn plant. To understand the insect-or mite-related diseases of 
maize, basic research on biological relationships between the host and its parasites is essential. 
Information from such studies builds the stepping-stones to methodology for evaluating the 
many qualities needed to withstand environmental hazards. In recent years there has been an 
increasing cooperative effort in this direction by state, federal, and private agencies. The purpose 
of this paper is to review some of the more important insect-related diseases. 
1 Pioneer Hi-Bred International, Inc., Johnston, Iowa 50131. 
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FUNGOUS DISEASES 
In much of the Corn Belt, fungi probably pose more problems in maize production than do 
any other groups of organisms. Primary seedling roots, the radical , and seminal roots are com-
monly infected with Fusarium spp. after they have served their function and become senescent. 
Thus, inoculum normally is close to any root injury that may occur. 
Diabrotica rootworms are generally prevalent in much of the maize-growing areas of North 
and Central America. Periodically, populations reach high levels. Habits of the larvae include 
feeding on root hairs, small rootlets, burrowing in tender portions of roots, and removal of rings 
of young crown roots. Palmer and Kommedahl (1969) reported on Fusarium species associated 
with roots of corn infested with Diabrotica longicornus. They isolated Fusarium oxysporum, F. 
moniliforme, F. roseum f sp. cerealis graminearum, and F. tricinctum. Fusarium roseum and F. 
moniliforme were pathogenic, whereas F. oxysporum and F. tricinctum were secondary invaders 
and grew only on tissues damaged by the rootworm. Both larvae and adults were vectors of 
Fusarium spp. Eggs and frass harbored these organisms. 
On sweet corn, Pepper and Haenseler (1944) observed less corn smut ( Ustilago maydis) 
where the European com borer was controlled with insecticides, indicating that the organism 
may have gained entrance in the plants at the sites of larval injury. Smut infection is a cause of 
barrenness and poor ear development in maize. 
Microorganisms associated with stalk rots are significantly important in quality, yield, and 
harvestability of maize. Interference with the translocation of nutrients in the vascular system 
induces development of common diseases such as Diplodia and Gibberella stalk rot. In a study of 
losses caused by varying levels of infestation by the European corn borer, Patch et al. (1941 ) re-
ported increased stalk breakage below the ear as the larval population increased. Christensen 
and Schneider (1950) in Minnesota investigated the organisms that developed in stalks and ears 
after infestation with the European corn borer. They found that species of Fusarium were the 
most common pathogens isolated from points of injury in the stalk, shank, and ear. Among the 
fungi isolated from rotted internodes of corn infested with European corn borer larvae were 
Alternaria spp., Aspergillus spp., Mucor spp., Rhizopus spp., Penicillium spp., Diplodia zeae, and 
Gibberella. Substantially the same groups of fungi were isolated from internal parts of living 
and dead larvae. They indicated that weak pathogens may have a more important effect in in-
jured stalks. 
The most important insects associated with ear (kernel) injury are the corn earworm 
(Heliothis zeae) and the European corn borer (Ostrinia nubilalis). In years of general infestation 
by either species, ear fungi take a substantial toll in kernel damage and quality. Koehler (1942) 
studied ear diseases in relation to corn earworm infestation. Ear rot incited by Fusarium 
moniliforme was increased by corn earworm damage. Gibberella zeae infection increased 
somewhat less, and Nigrospora spp. and Cephalosporium only slightly through earworm infesta-
tion. Earworm injury did not increase Diplodia zeae infection. 
BACTERIAL DISEASES 
Bacterial leaf blight (sometimes called Stewart's [bacterial] blight) incited by Erwinia 
stewarti has been recognized mainly as a disease of sweet corn. However, susceptible cultivars of 
field corn can be found readily. According to the Compendium of Corn Diseases, American 
Phytopathology Society (1973), this disease has been reported from Europe and Asia. These re-
ports seem to be from warm-climate areas. Likewise, this is generally true in the Western 
Hemisphere. Bacterial leaf blight is present annually in southern states and the southern fringe 
of the Corn Belt. In 1972 and 1973 this blight was prevalent as far west as central Kansas. 
Stevens (1936) monitored bacterial leaf blight in relation to winter temperatures for a series of 
years, and predicted increased severity of the disease in seasons following a winter in which the 
mean temperature for December, January, and February totaled 100° F or more. The rela-
tionship of insects to this disease was observed by Rand and Cash (1933 ). They were able to 
transfer the organism from diseased plants to healthy plants in insect cages with Chaetocnema 
pulicaria (the corn flea beetle) and Diabrotica undecimpunctata (the southern rootworm beetle ). 
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The importance of the corn flea beetle in the incidence of bacterial leaf blight was in-
vestigated extensively by Elliot and Poos (1934) and Poos and Elliot (1936), particularly in con-
nection with overwintering of the organism. They found that at least 19% of the overwintered 
corn flea beetles carried the organism. In tests of some 40 species of insects as possible vectors, 
they concluded that only C. pulicaria and C. denticulata were vectors of the pathogen in the field. 
From May to September, 1934, they found 40% of C. pulicaria harboring the pathogen. Under ex-
perimental conditions D. undecimpunctata transferred the pathogen from diseased to healthy 
corn. An association between winter temperatures, abundance of C. pulicaria, and incidence of 
bacterial leaf blight was indicated in 1934 in New York and the New England states. In that 
year C. pulicaria was not abundant north of central Pennsylvania, and bacterial leaf blight was 
much reduced over that of 1932 and 1933. 
The favored overwintering habitat of the corn flea beetle is in grass sod in well-drained 
areas. During warm periods in early spring it can be collected from a variety of grasses and 
small grains, particularly wheat. Although the biology of larval and pupal development is 
fragmentary, evidence indicates that a generation may be completed on these grasses although 
some overwintered beetles may feed upon and infect early planted corn. A short life cycle is in-
dicated and populations may reach high concentrations by midsummer, when elongated feeding 
scars and wilt lesions can be observed readily. Poos (1939) reported strong indications that Ken-
tucky bluegrass, orchard grass, and wheat, which do not show symptoms, provide inoculum for 
the vector before corn is available in the field. The pathogen was recovered from these species 
after beetles exposed to diseased corn plants fed upon them. Little information has been de-
veloped on the host-vector relationship of this wilt disease since these reports were published. 
After many years of experience observing this problem, I suspect that the winter wheat-corn flea 
beetle relationship could be one factor involved in the low incidence of corn flea beetles and bac-
terial wilt in central Iowa, where very little wheat is produced. 
VIRUS AND SPIROPLASMA-LIKE DISEASES 
Most of the insect vectors of viral diseases in corn belong to the aphid and leafhopper 
families. Until some 10 years ago these diseases were not regarded as threatening problems in 
corn production in the United States. For many years viral diseases encompassed those maladies 
whose pathogens could be transmitted by biological or mechanical techniques but could not be 
observed by the maximum magnifications of available microscopes. The electron microscope has 
made it possible to describe these pathogens, which has aided in identifying and classifying 
them. This has also resulted in s~parating many pathogens from the viruses and establishing an 
additional hierarchy of classification currently designated as spiroplasmas. Most leafhopper-
transmitted pathogens fall into the group of spiroplasma-like organisms and cause the so-called 
yellows diseases. Recently some mycoplasma-like organisms have been shown to have a spiral 
configuration and have been called spiroplasma - a group distinct from mycoplasma. 
The sugarcane mosaic pathology program identified the corn leaf aphid as a vector of 
sugarcane mosaic virus in corn (Brandes, 1920). About the same time Kunkel (1921) reported 
Peregrinus maidis, the corn planthopper (a fulgorid) as a possible vector of the corn mosaic virus, 
later referred to as the corn stripe virus. Corn stripe was later determined to be distinct from 
sugarcane mosaic (Stahl, 1927; Kunkel, 1927). Kunkel's studies were confirmed by Carter (1941) 
and McEwen and Kawanishi (1967). 
Streak disease of maize has had a long history in parts of Africa. H. H. Storey's many 
publications on the causal agent and its vectors extend from 1924 to 1967. He made detailed 
studies of the vector relationships of Cicadulina mbila, C. zeae, and C. storeyi in the epidemiology 
of what was identified as a viral disease. In his many years of experimentation he was successful 
in transmitting the pathogen only with these species of leafhoppers (Storey, 1939). 
In 1963 began a new regime in investigations primarily in corn and sorghum as a result of 
pockets of viral disease outbreaks in Mississippi, Louisiana, and Ohio. Stoner (1968) summarized 
results between 1963 and 1967 from many investigators representing practically all of the corn-
or sorghum-producing states and Canadian provinces. Samples from Mississippi led to a de-
termination of corn-stunt virus (Maramorosch, 1963) with Dalbulus maidis as the vector. Many 
years of investigation by Kunkel and Maramorosch with leafhopper vectors had established that 
CSV was a persistent virus with an incubation period of about 2 weeks. 
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Working with an Ohio source of disease, Stoner et al. (1964) established that Rhopawsiphum 
maidis, the corn leaf aphid, was a nonpersistent vector of the virus infecting corn in southern 
Ohio. They were able to transmit mechanically the pathogen and to observe that the disease was 
different from known viral diseases of corn. The disease, as it prevailed in the southern area, 
became known as corn stunt and that in the Ohio river areas, maize dwarf mosaic virus 
(MDMV). Johnson grass was early recognized as a factor in the incidence of this disease in the 
field. This grass is a favored host of the corn leaf aphid. Shepherd (1965) reported on the 
properties of mosaic virus of corn and Johnson grass and the relation to sugarcane mosaic virus. 
Detailed studies on properties and the vector relationship were reported by Bancroft et al. (1966) 
and Messieha (1967). The virus was shown to be transmissible by 11 species of aphids, the ac-
quisition period was short (10 to 20 seconds), and the retention period by the aphids was only 10 
to 20 minutes. Effective sources of host-vector relationship were shown in 10 species of 
Gramineae. 
A series of papers on vector-host-pathogen relationships has been published by personnel 
from Purdue University, Mississippi State University, Louisiana State University, Ohio 
Agricultural Research and Development Center, Texas A & M University, U. S. Department of 
Agriculture, and Boyce Thompson Institute. All this research has contributed sequentially to ad-
vances in this area. In addition to the references listed above, the following are some that have 
contributed to the more recent developments: Granados et al. (1966, 1968); Granados and Whit-
comb (1971); Davis, Whitcomb, et al. (1972); Davis, Worley, et al. (1972); Maramorosch et al. 
(1968); Pitre and Hepner (1967); Pitre (1968); Rosenkranz (1969); Nault and Bradley (1969 ); 
Choudhury and Rosenkranz (1973); and Nault et al. (1973). 
An isometric virus causing chlorosis and stunting in corn was transmitted from corn, 
Johnson grass, sweet sorghum, giant foxtail, and yellow foxtail by Gramminella nigrifrons to 
corn. This virus has been named maize chlorotic dwarf virus (MCDV) (Bradfute et al., 1972; 
Nault et al., 1973). More recent information developed by investigators working with G. 
nigrifrons has identified Johnson grass as a reservoir for two viruses - MCDV as only 
transmissible biologically by G. nigrifrons, and MDMV as aphid borne and mechanically 
transmissible. 
Periodically wheat streak mosaic virus (WSMV) has been prevalent in corn but the disease 
caused by this pathogen has not been as destructive as in wheat. Slykhuis (1953) established 
that Aceria tulipae, an eriophyid mite, was an efficient vector. Oldfield (1970) reviewed the 
literature on mite transmission of plant viruses. The vector, A. tulipae, is widely distributed and 
has been recorded on a variety of hosts. On corn A. tulipae causes kernel red streak, which is 
mostly concentrated on the tip end of the ear. This kernel condition was at first thought to be the 
result of WSMV infection. Later it was demonstrated that non-viruliferous as well as viruliferous 
mites were able to induce the red streaks through their feeding activity on the kernels (Nault 
et al., 1967). 
The classification, as viruses, of pathogens that cause yellows diseases in plants and that 
usually are transmitted by leafhoppers was questioned by Doi et al. (1967). Their electron 
microscope studies of sections of mulberry leaves infected with mulberry-dwarf diseases showed 
microorganisms in the phloem elements, which they described as mycoplasma-like agents. Ishiie 
et al. (1967) reported that some tetracycline antibiotics had a suppressive and therapeutic effect 
on plants infected with the mulberry-dwarf agent. These events set in motion the re-examination 
of many diseases believed to be caused by viruses transmitted by leafhoppers. An extensive 
literature has developed in this area of pathology. Maramorosch et al. (1968, 1970) and Granados 
(1969) described mycoplasma-like structures in diseased plants and in insect vectors. Whitcomb 
and Davis (1970) reviewed literature on this subject. Recently the name "spiroplasma" has been 
proposed for the spiral- or helical-shaped pathogens that have been referred to as mycoplasma-
like agents for several years (Davis and Worley, 1973; Whitcomb et al., 1973). Corn stunt 
transmitted by leafhoppers of Dalbulus spp. falls into this classification (Davis, 1973). 
A number of viruses or spiroplasmas have been transferred to corn from small grains and 
other grasses. A list of these diseases is provided by the American Phytopathology Society (1973). 
They are commonly considered to be of no economic importance, but their potential should not be 
discounted. 
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SELECTIVE INSECTICIDES: 
RETROSPECT AND PROSPECT' 
Paul A. Dahm2 
ABSTRACT. Selectively toxic insecticides can play an important role in insect-pest management 
procedures. Selective toxicity may occur through differences in distribution, comparative 
cytology, and comparative biochemistry between target and nontarget organisms. A few ex-
amples of selectively toxic insecticides are given and some reasons for the failure to use certain 
selectively toxic insecticides are discussed. 
******* 
Insecticides have been significant in pest management for about three quarters of a century. 
From the early use of inorganic chemicals to recent use of synthetic organic compounds, there 
has been concern for unwanted effects of insecticides on nontarget organisms and environmental 
quality. Entomologists responsible for insect-pest management seem to be returning to a former 
philosophy that recognized chemicals as only one of several management practices usually 
available to solve a particular problem. In fact, judicious choice of an insecticide for pest manage-
ment includes use of a minimal concentration of the chemical and an application technique that 
reduce the pest population below the economic injury level and allow survival of sufficient in-
dividuals of the pest population to maintain an effective population density of natural enemies. 
Insecticides are, however, inherently toxic and most chemicals that have been used as insec-
ticides exert a regressive action on some natural metabolic process. 
Chemicals that are selectively toxic have long been a major goal of those seeking new insec-
ticides. Although selectivity of action is implicit in the definition of the word insecticide, true 
selective toxicity means the injuring of one kind of living matter without harming some other 
kind, even though the two are in intimate contact (Albert, 1965). Selective toxicity may be at-
tained through differences in distribution, comparative cytology, and comparative biochemistry 
between target and nontarget organisms. Many reviews of the selective toxicity of insecticides 
are available (Metcalf, 1964, 1972; O'Brien, 1961, 1965; Saito, 1969; Winteringham, 1969). 
Selectivity through distribution may occur in various ways. The large surface area per unit 
weight of an insect, compared with that of a vertebrate, sometimes causes an insect to retain 
relatively more of a toxic agent than the vertebrate. Another example of selectivity through dis-
tribution may occur with plant systemic insecticides. These chemicals are absorbed by the plant 
tissues, taken up by the sap stream, and to some extent translocated in the plant. Translocation 
of the toxicant is more intensive toward the younger leaves and the peripheral growing areas of 
the upper leaves than to older tissues. Once the insecticide is absorbed and translocated in the 
plant tissues, only phytophagous insect pests will consume it directly. The systemic insecticide 
and its metabolites reduce the pest population without much damage to beneficial organisms. 
1Journal Paper No. J-7809 of the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project No. 1844. This work was supported by NIH research grant number 
ES-00205 from the National Institute of Environmental Health Sciences and North Central 
Regional Project NC-96. 
2Professor of Entomology; Charles F. Curtiss Distinguished Professor in Agriculture; Iowa State 
University, Ames, Iowa. 
560 DAHM: SELECTIVE INSECTICIDES 
Systemic insecticides are not, of course, free of residue hazards to humans and other plant-
feeding animals. This "ecological selectivity" of schradan was shown more than 20 years ago 
(Ripper et al., 1951 ). Biochemical studies too extensive to review here have shown that schradan, 
which is not a potent anticholinesterase insecticide, is converted in vivo to an N-methylol de-
rivative that is toxic to insects and mites by inhibiting cholinesterase. Schradan was used com-
mercially in the United States for only a few years. A variety of other systemic insecticides are 
being used for pest management. Most of these are organophosphorus insecticides, including 
demeton, phorate, and dicrotophos. Many systemic insecticides in addition to schradan (including 
demeton, phorate, and dicrotophos) are metabolically transformed by plants to compounds whose 
toxicities are equal to and sometimes greater than those of the parent compounds. Most of the 
plant systemic insecticides are quite toxic to both pest insects and nontarget organisms. 
Nevertheless, the methods of distributing these insecticides to the seed or the root system of a 
plant reduce opportunities for predacious and parasitic insects to make contact with the 
chemicals, thereby providing a margin of safety not achieved with insecticides applied to aerial 
parts of plants. 
Insecticide selective toxicity also is attained on the basis of comparative cytology. Plants dif-
fer from animals in many ways-e.g., the presence of cell walls and a photosynthetic mechanism 
and the absence of a nervous system, muscles, and efficient circulatory system. The absence of a 
cholinergic nervous system in plants allows organophosphorus and carbamate insecticides to be 
applied to plants, seemingly without inhibiting a vital enzyme such as acetylcholinesterase in 
animals. Thus, insects and mites can be killed without unfavorably influencing the host plant. 
Two qualifications need to be made. At the intracellular level , similarities between plants and 
animals probably outweigh differences. This suggests that comparative studies of insecticidal ac-
tion in plants and animals may yet reveal toxic effects common to both. In my view, insufficient 
work has been done in this area. A second qualification pertains to manifestation of toxic 
symptoms in some plants after insecticide applications. This usually has been caused by a sol-
vent in the formulation that is toxic to the plant, rather than by the insecticide itself. The use of 
dust, wettable powder, and granulated formulations has obviated some of these difficulties. 
The most interesting examples of selective toxicity have been explained through com-
parative biochemical studies. Before reviewing pertinent examples, the terms LD50 and mam-
malian selectivity ratio (MSR) need some explanation. The concept of LD50 is used in toxicology 
and pharmacology to designate the dose required to obtain a lethal effect (lethal dosage) upon 
50% of a test population. Generally, three or four different concentrations of the test substance 
are used with the hope that these will produce mortalities among samples of the test population 
that will fall below, near (or even at, in some instances), and above the ultimately estimated 
LD50 value. An arithmetic plot of this kind of bioassay usually produces a sigmoidal curve. For 
convenience, this curve usually is transformed to a straight line. Computer programs are now 
used to estimate LD50 values and slopes of regression lines so that data are seldom plotted. 
Mammalian selectivity ratio (MSR), as presented in Table 1, is the female rat oral 
LD5offemale housefly topical LD50. Other combinations of vertebrate and insect data could be 
used. The higher this ratio, the greater is the mammalian safety factor. This comparison of oral 
with tOpical data is used because the oral route is a common one for poisoning in mammals, and 
the topical, a common one for insects (further information on this is available in Metcalf, 1972; 
page 138). Considerable variations in LD50 values are obtained from one species and sex to 
another. MSRs for other vertebrate/insect combinations may, therefore, vary considerably from 
the values presented here for the rat and housefly. 
Examples of selective toxicity that have been explained through comparative biochemical 
studies include derivatives of DDT, dimethoate, malathion, resmethrin, and rotenone. Meth-
oxychlor has an MSR about llX that of DDT (Table 1 ). Studies of the uptake and metabolism of 
methoxychlor and DDT by three species of fishes, by Daphnia, and by a snail show that methox-
ychlor is readily biodegradable in fishes (Reinbold et al., 1971). Daphnia concentrated DDT at 
from one to two times the rate at which they concentrated methoxychlor. The snail, however, 
could not rapidly metabolize either DDT or methoxychlor and accumulated both to high levels. 
These results emphasize the importance of species differences in metabolism mentioned earlier. 
Certain DDT analogues with substituent groups that are readily attacked by multifunctional ox-
idases undergo a substantial degree of biological degradation and do not seem to be stored readi-
ly in animal tissues or concentrated in food chains (Metcalf et al., 1971; Metcalf, 1972). These 
biodegradable insecticides, however, have not been widely used. 
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Table 1. Mammalian selectivity ratiosa. 
LD50 (mg/kg) Mammalian 
Insecticide 
9Rat-oral 9 Housefly-topical selectivity ratio 
( Organochlorine ) 
DDT 118 2 59 
Methoxychlor 6,000 9 667 
( Organophosphorus) 
Dimethoate 215 0.55 391 
Malathion 1,000 26 38 
Parathion 3.6 0.9 4 
Phoxim 8,500 2.3 3,696 
(Carbamate ) 
Carbaryl 54oh 900 0.6 
Carbofuran 4b 4.6 0.8 
(Pyrethroid ) 
Bioresmethrin 8,000 0.25 32,000 
a All data from Metcalf (1972) except for bioresmethrin data from Elliott (1971). 
hsex of rat not stipulated. 
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Dimethoate and malathion, among the organophosphorus insecticides, are interesting ex-
amples of selective toxicity (Table 1). An amidase and a carboxylesterase convert dimethoate and 
malathion to dimethoate acid and the a-monoacid of malathion, respectively (Dauterman, 1971). 
The introduction of malathion about a quarter of a century ago (Johnson et al., 1952) was an im-
portant milestone in the recognition of selective toxicity among organophosphorus compounds. 
MSR values for malathion and parathion (Table 1) show that the ratio for malathion is about 9X 
greater than that for parathion. Both materials have been widely used; experience has shown 
that malathion can be applied without appreciable hazard to human or animal health while 
parathion, unless carefully handled by trained personnel, may cause illness and even death. 
Phoxim (Table 1) is another highly effective organophosphorus insecticide that has unusual 
safety for mammals (Vinopal and Fukuto, 1971; Fukuto, 1971). The MSR value for phoxim 
(Table 1) is about 3,700, and a comparison of MSR values for phoxim and parathion shows that 
the ratio for phoxim is 924X greater than that for parathion. Although differences in 
cholinesterase sensitivity to inhibition among animal species may contribute to the selective tox-
icity of phoxim, there is evidence that differences in metabolism may play an even more impor-
tant part (Vinopal and Fukuto, 1971). This insecticide is not marketed in the United States, but 
is being sold to a limited extent in other parts of the world. 
The MSR values for 2 N-methyl carbamates (Table 1), carbaryl and carbofuran, are both less 
than 1. Carbary! has been widely used without much hazard to human or animal health or detri-
ment to environmental quality (one exception is the honeybee, which is very susceptible to the 
toxicity of carbaryl). The rapid detoxification of N-methyl carbamates and the reversible 
cholinesterase inhibition of carbamates in many animals may lessen the need for selectively tox-
ic chemicals in this group of insecticides. 
Pyrethroids are important insect-control agents because they are good insecticides, have low 
mammalian toxicity, are rapidly biodegradable, and are relatively nonpersistent. Numerous syn-
thetic pyrethroids have been made, based on the cyclopropanecarboxylic-alkenylmethyl cyclopen-
tenolone esters of natural pyrethroids. One of the synthetic pyrethroids, bioresmethrin, 
[5-benzyl-3-furylmethyl ( + )-trans-chrysanthemate], has the highest selectivity ratio known for 
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any insecticidal chemical. Bioresmethrin is 32,000 times more toxic (Table 1) to houseflies when 
applied topically than to rats when given orally (Elliott, 1971 ). An esterase (or esterases) in 
mouse liver microsomes cleaves the ester group of bioresmethrin and ~lated insecticidal 
chemicals (Abernathy and Casida, 1973). This is the esterase that is largely responsible for the 
low mammalian toxicity of pyrethroids. 
Rotenone, a plant-derived insecticide, is only moderately toxic to most mammals, but is ex-
tremely toxic to many species of fi sh and insects. Rotenone inhibits the respiration of mitochon-
dria by blocking the reduced nicotinamide adenine dinucleotide (NADH )-dehydrogenase segment 
of the respiratory chain. The selective toxicity of rotenone does not seem to result from dif-
ferences in the primary site of action in insects and vertebrates. Selectivity seems to depend up-
on differences in the distribution pattern or in the detoxification rate of rotenone in various or-
ganisms. With respect to detoxification, rotenone is extensively metabolized when incubated with 
the microsomal multifunctional oxidase system of the liver of male albino rats, the liver of male 
carp, and tissues of several insect species (Fukami et al., 1969). The soluble fraction of the liver 
homogenates enhances rotenone metabolism, whereas the soluble fraction of cockroach fat body 
and midgut homogenates inhibits it, the inhibition resulting from the presence in the soluble 
fraction of a protein with a molecular weight of 6,000 to 15,000. Components in insect 
homogenates also inhibit the metabolism of organophosphorus insecticides by the rat liver 
microsome-NADPH system. These studies of rotenone detoxification indicate that the effects of 
components in the soluble fraction possibly are related to the selective toxicity of rotenone to 
mammals, fish, and insects. 
The examples of selective toxicity that have been explained through comparative 
biochemical studies show that differences in metabolism may determine the chemical's toxicity. 
Oxidative, reductive, hydrolytic, and conjugative reactions may contribute to the overall 
metabolism scheme. Variations in metabolism often occur owing to differences in the amount of 
enzyme present, the effect of an inhibitor of an enzyme, the activity of an enzyme reversing the 
reaction, and the effect of competing reactions using the same substrate. This is summarized in 
Figure 1. Differences in target site and other factors may also influence the selective toxicity of a 
chemical. 
This brief review has described several compounds with selective toxicity. Many other ex-
amples could be cited. Some promising discoveries seem destined to remain as scientific 
curiosities because of the absence of exclusive patent rights, high cost of manufacture, and limit-
ed usefulness in relation to costs of development. Therefore, some of the more hazardous insec-
ticides will be used because they are cheaper and more broadly effective than some safer, selec-
tive insecticides. Unless national and international agencies and governments finance the de-
velopment and use of some of the selective insecticides that have been discovered, it is doubtful if 
these compounds will be used for insect-pest management. If past efforts to develop selectively 
toxic insecticides are a prologue to the future, one can hope for success in developing "insec-
ticides whose biochemical instability leads, at a suitable rate, to free elements and compounds of 
no toxicological significance" (Winteringham, 1969) and possibly juvenile hormone analogues of 
high selectivity toward insect species and insignificant effects on vertebrates (Bowers, 1971; Rob-
bins, 1!)72; Staal, 1971). 
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Fig. 1. Behavior of an insecticide in an animal (Dahm and Nakatsugawa, 1968). 
The diagram generalizes the behavior of an insecticide from administration to an animal to 
excretion, with emphasis on the metabolism of the insecticide. 
Metabolic changes are shown from left to right. Arrows above and below PRIMARY 
METABOLITES indicate the range of intrinsic toxicity. SECONDARY METABOLITES etc. in-
dicates further metabolic steps similar to the preceding one. Excretion may occur without 
metabolism, at the primary or the secondary metabolite stage, or after CONJUGATION. 
Penetration of the toxicant or metabolites is implied at the barriers between circulation of 
body fluid and the four sites (administration, target, storage, and excretory) and is generally in-
fluenced by the polarity or lipid-solubility of the chemicals. 
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THE ROLE OF FUNGICIDES IN PEST MANAGEMENT 
Abraham H. Epstein1 
ABSTRACT. Although fungicides have a long history of usage in the control of plant diseases in 
agriculture, widespread use of these materials has developed only recently. The effectiveness of 
fungicides in control of plant disease has not equaled that of some insecticides such as DDT in 
the control of insects. Because of this, plant pathologists have historically been forced to develop 
balanced programs of control emphasizing the application of as many nonchemical measures 
(cultural, genetic, etc.) as were available and practical as well as chemical control measures. The 
main thrust of current plant-disease-control research continues along lines governed by this 
philosophy - in essence, a pest-management approach to pest control. 
* * * * * * * 
Fungicides have a long and honorable history, although mankind has not had a keen 
memory or appreciation for their beneficial effects until comparatively recent times. The use of 
fungicides has expanded enormously and become commonplace only within the last 75 years. 
Sulfur has the earliest recorded use of any fungicidal material, preceding copper by over 1,000 
years. Horsefall 's historical review (1956) of fungicide usage credits Homer as the first advocate 
of sulfur in 1,000 B.C. Pliny (470 B.C.) reported on the good effects of amuraca of olives (olive 
press cake, which contains some olive oil) in the control of blight (Horsefall, 1956; Torgeson, 
1967 ). The fungicidal effects of vegetable oils were reestablished in 1931 by Hubert Martin 
(1904) and E. S. Salmon. 
Plant pathologists have regarded the application of fungicides to control plant disease as a 
radical measure - one to be used only when all other measures fail. Courses in plant pathology 
have traditionally placed great emphasis upon nonchemical approaches to disease control, as 
evidenced by the fact that in all texts on the subject phytopathologists have traditionally 
preached what is essentially a pest-management philosophy. This approach may be explained, in 
some measure, by the fact that fungicides have not been as successful or as easily used in the 
control of plant diseases as have DDT and its successors in the control of insects. Consequently, 
the control of most plant diseases has necessarily been based upon a total type of program in-
volving a broad spectrum of basic control measures including such cultural methods as sanita-
tion, genetic resistance, as well as chemical methods. 
Fungicides may be regarded as a substitute for genetic resistance to disease (Van Der Plank, 
1963). The most critical need for fungicidal materials occurs on those crops lacking genetic 
diversity for resistance and grown under systems, such as intensive cropping, that predispose 
them to attack by disease organisms. Extension of this philosophy would suggest that plant-
disease problems could ultimately be solved by breeding for disease resistance, or by growing the 
plants in such a manner that disease-causing organisms were somehow avoided. 
From an idealistic point of view, this type of solution to the problem would be highly desir-
able. Unfortunately, the probability that this will be achieved on all crops is remote for the 
following reasons: 
1Associate Professor, Department of Botany and Plant Pathology, Iowa State University, Ames, 
Iowa 50010. 
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1. Resistance may not be available in some crops; finding and incorporating disease re-
sistance genes into economic crop plants is a tedious task often requiring many years to 
accomplish. 
2. The disease-causing organisms often present a degree of genetic variability conditioning 
for pathogenicity that is equal to or greater than the genetic variability of the host condi-
tioning for resistance. 
3. Avoiding the pathogen is usually not practical for a number of economic and geographic 
reasons. 
At least for the forseeable future, there will be a continuing need for fungicides in plant dis-
ease control. 
Fungicides, until recently, were of a protectant nature and had to be applied before penetra-
tion of the host plant by the fungal organism. In this manner they have been widely used as seed 
protectants (to disinfect the seed-coat surface) as well as to protect the germinating seed against 
pathogenic fungi in the seed bed. On a much more limited scale they have also been applied 
directly to the soil as a drench, or mechanically incorporated to protect seeds and seedlings 
against soil-inhabiting fungi. 
The most common and widespread use of fungicides has been as protectants applied to aerial 
portions of the plants. On a world-wide basis the tonnage used has been large - yet modest 
when compared to other classes of pesticides (Torgeson, 1967). 
Because of the protectant nature of the older types of fungicide, they had to be in place 
before the pathogen penetrated the host. Also, because the average grower is not equipped or 
trained to observe the microorganisms causing plant diseases, growers have had a strong tenden-
cy to adopt an insurance-type of fungicide application program. Such a program dictates that 
fungicide be applied at regular intervals in such a manner that it will cover all vulnerable plant 
surfaces to ensure protection of the plant against penetration and infection by the pathogen. This 
has been most prevalent in the more intensive crop production systems involved with production 
of vegetables, fruits, and ornamentals. Such pest-control regimes are expensive and can result in 
serious ecological upsets, as have occurred in a few instances in other areas of pest control. 
Several developments have occurred, which have already started a strong movement away 
from the insurance-type of program (in plant-disease control as well as other areas of pest con-
trol) toward a more enlightened and stable approach to plant-disease control. This new approach 
referred to as pest management presumes that all possible control measures pertaining to a 
particular host-parasite combination are considered in the control program. As I pointed out 
earlier, this concept is not new - its practical application, however, could not be achieved until a 
certain requisite body of basic information and technology had been accumulated. 
In a few instances the necessary basic information and technology now exist and are being 
applied, enabling the achievement of a practical level of plant protection with a few well-timed 
applications of fungicides. Late blight of potato is now controlled in this manner as a result of a 
system of blight forecasting developed by Wallin (1962). The blight forecast is the result of years 
of research, which determined the response of the causal organism to specific meteorological con-
ditions and to the development of a computerized system to process incoming data and to issue 
warni;gs. The forecast is issued on the basis of certain weather patterns as they occur during the 
growing season on individual farms. Potato growers having access to this kind of information 
need no longer apply fungicides on a regular basis but only when weather conditions favor out-
breaks of blight. 
This type of forecasting is one dimensional in that only the meteorological aspects of blight 
epidemiology are monitored. A two-dimensional approach monitoring both the causal organism 
and meteorological conditions would be more sensitive, and might conceivably obviate the need 
for fungicide application during some seasons. This would require considerable investment in 
sensing equipment (hygrothemographs, spore traps, etc. ) and technical personnel. Such a system 
is being developed for apple scab and should be operational within a few years. At present, 
midwestern apple growers apply a minimum of 16 sprays to control apple scab each growing 
season under an "insurance-type" of disease-control regime. A pest-management regime should 
enable the grower to achieve control of apple scab with a substantially reduced fungicide applica-
tion program. 
The development of systemic fungicides promises significant changes in the control of plant 
diseases. This class of compounds possesses the ability to move within the plant tissue and in-
hibit disease-causing fungi in situ, in effect rendering the plant "resistant" to the pathogen. With 
such a tool, plant pathologists are now in a position to realistically consider chemical plant dis-
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ease therapy as a measure for use in the field . 
On the other hand there is danger in the indiscriminate use of these compounds, resulting in 
the subversion of the "Pest Management" or "Balanced Total Control" programs as occurred in 
insect-control programs following the introduction of DDT. Because these materials move 
systemically, the application measures required in the use of standard protectant-type materials 
may become obsolete. New methods of applying these materials are already being developed. 
Systemics offer the possibility of affording a number of protective measures in a single treat-
ment. One possible example might be applying the material as a seed treatment that would pro-
tect the seed from seed-rotting organisms. Subsequently the material might be translocated up-
ward, protecting the seedling from soil-borne seedling pathogens as it emerged; and, later still, 
the systemic compound could be present in the aerial portions of the mature plant, protecting 
them against attack by air- and insect-borne pathogens. The systemic fungicide oxycarboxin 
represents a significant breakthrough in this direction and has been used successfully against 
smut on small grains. Benomyl and several other compounds are systemically translocated 
within plants from various points of application such as roots, stems, branches, and leaves and 
seem promising as therapeutic treatments as well as protectants (Smalley et al., 1973). 
Significant technological advances have been achieved in the development of chemical plant-
disease control in the past. The future holds even more exciting promise as we learn to integrate 
on a truly interdisciplinary basis the tremendously complex array of factors involved in achiev-
ing ever more effective and practical regimes of plant-disease control. This must also involve the 
development and marketing of more specific, safer, and ecologically less-damaging fungicides as 
well as systems for more sensitive and accurate monitoring of disease-causing organisms and the 
environmental factors affecting them. 
REFERENCES 
Horsefall, J. C. 1956. Principles of fungicidal action. Chronica Botanica, Waltham, 
Massachusetts. 279 pp. 
Martin, H. 1964. The scientific principles of crop protections. 5th ed. Arnold, London. 376 pp. 
Smalley, E. B., C. J. Meyers, R. N. Johnson, B. C. Fluke, and R. Vieau. 1973. Benomyl for practical 
control of Dutch elm disease. Phytopathology 63:1239-1252. 
Torgeson, D. C. 1967. Fungicides - an advanced treatise. Vol. I. Academic Press, New York. 697 
pp. 
Van Der Plank, J.E. 1963. Plant Diseases. Epidemics and control. Academic Press, New York. 
349 pp. 
Wallin, J. R. 1962. Summary of recent progress in predicting late blight epidemics in United 
States and Canada. American Potato Journal 39:306-312. 

IOWA STATE JOURNAL OF RESEARCH I MAY, 1975 
VOL. 49, NO. 4, PT. 2 pp. 569-582 
THE PLACE AND PROMISE OF BIOLOGICAL 
MANAGEMENT OF CROP PESTS 
Carl B. Huffaker1 
ABSTRACT. Principles of pest-population regulation as accomplished by the use of parasites, 
predators, and pathogens are presented. Characteristics of an effective natural enemy of pests is 
discussed, along with considerations when introducing several species of natural enemies. 
Additional topics presented include the following: (1 ) biological control of weeds rather than 
by cultural and chemical means, (2) control of soil-borne plant pathogens, and (3) biological 
management of pest complexes. 
INTRODUCTION 
The term "biological management" is a new one to me, and it has a broader connotation in 
some respects than I intend to cover. It would include what I have termed nature's own principal 
means of pest control, i.e., the development of forms of plants tolerant of or resistant to pests and 
the control of pests by their own natural enemies or by competing species. Others in this sym-
posium series deal with the deliberate development of crop varieties carrying resistance to plant 
pathogens and insects. I will not dwell on this topic. Even cultural methods are biological or 
ecological in that they are designed so that the pests are hit at vulnerable stages in their life 
cycles or as a means of increasing or favoring their natural enemies or favoring the resistance or 
evasion by the crop. Again, I will not dwell on this useful tactic. I will not deal with growth 
regulators (the so-called "third generation" of insecticides) or with pheromones, although some 
have termed the latter "biological control". 
What I will deal with is the use of conventional natural enemies (parasites, predators, and 
pathogens), and of certain biological antagonists not fitting into these categories. 
THE PRINCIPLES OF PEST-POPULATION REGULATION 
OR CONTROL BY OTHER ORGANISMS AS REPRESENTED 
BY THE BIOLOGICAL CONTROL OF INSECTS 
Biological control has had an empirical, not a theoretical origin. The basis of the practice is 
that it has worked on many occasions. By "regulation" and "control" I mean that "regulation" is 
always a form of control (which may or may not be economic control) but that "control" may oc-
cur even though there is no stabilizing or regulating effect. For example, competition between 
two weeds, or insect pests, or natural enemies of a pest, can result in control or supression, even 
complete eradication in the habitat, of one species by another, yet this process is not regulatory; 
it tends to be more annihilative in nature than stabilizing. Control of pests by their natural 
1Division of Biological control, Department of Biological Sciences, University of California, 
Berkeley, California. 
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enemies may be either of a regulating or simply suppressing nature. Highly host- or prey-specific 
natural enemies are more regulatory than ones that attack a wide variety of victims. The latter 
are usually less reliable as natural control factors but they may be both highly reliable and even 
more nearly annihilative of a pest than is a host specific natural enemy, though this is rare. 
(Huffaker et al. 1969). 
REDUCING EFFECT OF NATURAL ENEMIES 
The effect of natural enemies in the control of pests and potential pests has been established 
in three ways, (1) most importantly by the results from introductions of natural enemies into en-
vironments lacking them, (2) by the striking increase in target species and of non-target, former-
ly minor species in agroecosystcms following the destruction of natural enemies by use of insec-
ticides and acaricides, and (3) by "check method" experimental use of such pesicides and other 
comparison techniques of evaluating the importance of natural enemies. 
(1) Introductions 
Currently, there are some 213 project examples of partial-to-complete biological control of 
important pest insects and other arthropods, snails, and weeds by natural enemies introduced 
from other world regions. These comprise a great variety of insects (with disproportionate 
representation in the scale insects on which the greatest amount of effort has been made) and a 
number of the world's most de tructive weeds (Huffaker et al., in press ). They include 80 species 
of Homoptera, 43 of Lepidoptera, 25 of Coleoptera, 12 of Diptera, 7 of Orthoptera, 7 of Hymenop-
tera, 4 of Hemiptera, 1 of Dermaptera, 2 of Mollusca, 2 of Arachnida, 2 of Acarina, and 29 species 
of weeds. Of the insect pests 184 species, worldwide, have been brought under partial to complete 
biological control. Slightly better than half the attempts have had '"some degree of success", ac-
cording to DeBach (1971). Currently, complete control has been achieved with 42 species and this 
means that except for chemical disruptions these formerly serious pests no longer require treat-
ments. Van den Bosch and Messenger (1973), consider that nearly 100 species have been brought 
under substantial to complete control. DeBach (1971), using results for 1970, noted that "This is 
by far the greatest number of successes achieved by any one nonchemical method, with the possi-
ble exception of cultural control." 
One example is that of olive parlatoria scale in California. This scale was first discovered in 
California near Fresno in 1934, from which it spread throughout the Central Valley. Attacking 
some 200 host plants, it posed a great threat. Orchard, park, and dooryard plants became en-
crusted and dieback and low productivity were characteristic. Following introduction of the 
parasitic wasp Aphytis maculicornis in 1952, the scales on untreated trees and shrubs decreased 
quickly. Some degree of control (often good control) was evident everywhere except for trees 
bordering cotton or other crops receiving disturbing insecticide applications. The degree of con-
trol from this species and another introduced later, Coccophagoides utilis, is now so good that 
only about one unparasitized scale and six to eight parasitized ones are found on 1000 leaves -
i.e., perfect commercial control. Moreover, the two parasites, though competing to a degree, sup-
plement one another and exemplify the view that a complex of parasites can give a better degree 
of control than the best one alone. The Aphytis is clearly the best of many species introduced and 
all but these two have been displaced competitively. 
(2) Chemical Upsets 
The adverse effects of pesticides on the environment have been widely proclaimed. So have 
the advantages of pesticides for producing the food that man needs and in alleviating diseases. 
However, in the midst of confronting the very real adverse effects of some pesticide usage, 
especially on our birds, fish, and lower forms of life in our waters, general ecologists and the 
public have seemed almost unconcerned about the adverse effects on beneficial arthropods (here 
I include mites ). This is especially regrettable because these effects have led more than anything 
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else to the perpetuation and intensification of the chemical applications that cause these 
problems. 
I will here discuss the forms of pesticide disturbance of fauna! relationships, and insect 
population stabilizing factors in our agricultural crops. These relationships are little understood 
in their total complexity. 
Some entomologists and other supporters of the preventive use of pesticides, without regard 
to pest-population densities, still claim, surprisingly, lack of evidence that pesticide usage has 
caused the problems we are concerned with here, i.e. , resurgences and upsets. To claim that 
widespread, repeated, and intense use of broad-spectrum pesticides in our crops has not caused 
major insect problems even as it has temporarily solved many problems is to claim (1) that 
natural enemies are not significant factors in the natural control of such pests or (2) that these 
chemicals have had no significant adverse effects, directly or indirectly, on such natural enemies 
even though they are designed for broad-spectrum toxicity to insects that comprise most of the 
effective natural enemies, (3) the treatments have not led to or accelerated development of re-
sistance in the target species or in minor or formerly innocuous species, and (4) the treatments 
have not directly stimulated reproduction in the target pests or in others. 
Extensive data from all over the world refute this position and attest to severe disturbing ef-
fects of many pesticides on insect and mite populations through one or more of these ways. 
Professor Paul DeBach has aptly referred to a "pyramidal iceberg" to depict the proportion of 
actual pests and potential pests of our crops. The visible part, representing 10 to 20% of the total, 
are actual pests as they do not have efficient natural enemies in the habitat; the hidden part of 
the iceberg represents some 80 to 90% of the species - ones that are under "invisible" natural 
control. The large number of pest species that have been released from this "invisible" biological 
control by disruptions of insecticides, acaricides, and fungicides is evidence of the importance of 
natural enemies; the key role of such enemies has been proven in many, but by no means all, in-
stances of such upsets. 
It is important to realize that normally effective natural enemies may be so inhibited as to 
be ineffective even though they are more abundant in pesticide-treated crops than in untreated 
ones. This is because under the inhibiting conditions the enemy can increase only slowly, or only 
after the effects wear off, in response to increases in host density. It can thus reach higher 
densities because its hosts have temporarily escaped its control, or the control effect can only be 
achieved at a higher host (or prey) density because of the inhibited rate of response (Huffaker 
and Messenger, 1964). Dabrowski (1970 ) in Poland and Flaherty and Huffaker (1970) in 
California have shown that effective spider-mite predators may well be more abundant on a 
year-round basis, yet much less effective in pesticide-disturbed crops than in untreated crops. 
Spider mites illustrate each ef these forms of ecological disturbance. Before World War II, 
spider mites were rated as minor pests and are still so considered in habitats where pesticides 
are not used. This picture changed drastically with the advent of synthetic insecticides following 
World War II. They then became the first concern of entomologists throughout the world. 
Professors F. A. Gunther and L. R. Jeppson, in their book, Modern Insecticides and World Food 
Production, acknowledge and discuss this pesticide-associated change in the spider-mite picture. 
The U. S. Department of Agriculture's document, Losses in Agriculture, for the decade 1951 to 
1960 credit spider mites as causing the following losses: hops, 6.0%; mint, 7.0%; citrus, 2.5%; 
strawberries, 10.0%; lima and snap beans, 3.0%; and apples, 7.0% - this in spite of extensive use 
of new chemicals applied against them. These losses exceeded those caused to agricultural crops 
by any insect except Mexican bean beetle, corn earworm (sweet corn), lygus bug (alfalfa seed 
crop), and sugar cane borer. Losses due to spider mites in the previous decade when few treat-
ments were made against them were so minimal they were not included in the corresponding 
document, although floriculture (greenhouses) suffered a 5.0% loss. In their worldwide review on 
"Ecology of Tetranychid Mites and Their Natural Enemies," McMurtry et al. (1970), and van de 
Vrie et al. (1972) summarized the largely unchallenged opinions and data of entomologists 
throughout the world, reporting striking increases in spider mites on a wide variety of crops as-
sociated with the advent of the new insecticides following World War II. The evidence of the up-
surge of spider mites is overwhelming. 
The principal difference in viewpoints was not whether these chemicals occasioned the out-
breaks but how they did so and what relative weight should be given (1) to the view of induce-
ment through beneficial effects on host plant physiology, thus increasing the spider mites' rates 
of increase, or (2) the view of inducement through adverse effects on mite predators. The former 
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appears to have been a real factor in some situations, but the latter was considered to be of more 
general significance. 
Hagen et al. (1971 ) and MacPhee and MacLellan (1971 ) recently reviewed cases of naturally-
occurring biological control of indigenous phytophagous species by their indigenous natural 
enemies in western North America and eastern Canada, respectively. Clearly, natural biological 
control occurs all around us and would probably be much grea ter were it not for the extensive 
use of pesticides. The question for the future is to determine how the necessary use of chemicals 
can be made more compatible with biological management. 
(3) Check methods 
An effective means of assessing the role of existing natural enemies of insects or mites is the 
use of the following check methods: (1) exclosures, (2) a selective pesticide affecting the natural 
enemy and not its host (pest), (3) hand removal of natural enemies, or (4) their disturbance by 
ants. When two or more types of methods are used separately and give similar results, the objec-
tions commonly voiced are greatly reduced or invalid. Many examples of highly effective 
biological control have been demonstrated by such methods. Again, olive parlatoria scale in 
California is a good example. In groves already under excellent biological control from in-
troduced parasites the use of DDT on "check" trees soon disrupted the biological control, and 
severe infestations were recreated at will. Moreover, the DDT itself did not stimulate the scale 
for the fecundity of unparasitized scales remained the same on DDT-treated and untreated trees. 
Similar "check method" results with other pests have been obtained by hand removal of pre-
dators from a tree or from strawberry plants (DeBach and Huffaker, 1971 ). 
EVOLUTIONARY IMPLICATIONS AND 
THEORETICAL ASPECTS 
Consideration of implications and aspects of the action of natural enemies, beyond proof of a 
reducing effect, seem apropos. To understand predation in its broadest sense we may look at 
predation as the exploitative feeding of one organism on another , thus including herbivores, true 
parasites, entomophagous parasitoids, and classical predators. The late Paul Errington has said, 
"Nature's way is any way that works." "How to get something to eat" and "how to keep from be-
ing eaten" are among nature's most ubiquitous demands. Evolution has surely given us a "crazy-
quilt" mosaic, but not without substantial order. Predation has many levels and its effects are 
not always the same. It may shape the morphology, physiology, and behavior of many species, in-
cluding r~markable examples of mimicry. Severe predation may thus be avoided. It may cause 
complete or merely local extinction or preclusion, thus affecting species distribution. It may 
cause reductions in numbers little related to true population regulation or it may actually do the 
regulating. Lastly, it may either enrich or impoverish the diversity and structure of natural com-
munities. 
Differences in the degree of host or prey specificity exhibited by predators as well as in-
herent differences in behavior, in immunity principles, and the disturbances by man (contrasting 
pristine and disturbed situations) relative to the roles of classical vertebrate predators versus 
their counterparts among the invertebrates may account for quite different potentials for their 
use in biological control. We simply cannot introduce natural enemies lacking adequate host or 
prey specificity, and relatively few vertebrate predators appear to be adequately restricted in 
diet. Moreover, the most effective, reliable, regulating natural enemies are usually, but not in all 
situations, the relatively highly host (or prey) specific ones. These abound mainly among the in-
sects. These, if truly host specific, have a reciprocal density-dependent population relationship 
with their host or prey (Huffaker and Messenger, 1964). Such a natural enemy limits the num-
bers of its prey and in turn it is itself foodlimited. This is certainly the great rule of Nature for 
such invertebrate predators. [This latter may be true for some vertebrates as well, even though 
the evolution of complex systems of social heirarchy and territorialism in the latter may have 
modified events from the most crude, direct sort.] Since, however, territory size and behavior in 
such a species as the wolf, for exar.iple, were evolved consistent with pristine situations (not with 
drastically altered environments supporting much larger populations of the large herbivores), it 
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is difficult to judge to what extent the wolf's and its major prey species' fortune may or may not 
have been reciprocally density dependent, population controlling, and perhaps mutually 
beneficial (Pimlott, 1967; Huffaker, 1971 ). Mech's (1966) studies suggest mutual benefit. 
Also, development of immunity in vertebrates, the main "targets" of vertebrate pathogens, 
would seem to be more likely to nullify a biological control effort than is the case for biological 
control of insects. The highly important entomophagous parasitoids are essentially predators, 
with immune reactions usually exerting a minimal detrimental effect; and immunity reactions 
in insects to pathogenic microbes are weak in contrast to those in higher vertebrates (Carlo 
lgnoffo, personal communication). 
Pathogens are often a conspicuous factor in decimating populations of organisms, and may 
also exert a significant regulating role through their chronic debilitating effects. The effect of the 
introduction of myxomatosis virus into the rabbit populations of Australia was initially extreme-
ly effective, then ameliorated considerably, but is still of highly significant value (Davis et al., in 
press). Here, we are interested mostly in the entomopathogenic species. Though we know a great 
deal about the kinds of insect pathogens, their virulence, infestivity, host specificity, and means 
of characterizing and producing them in the laboratory, we know very little about their 
ecological roles in nature. They appear to be density-dependent, but only rather loosely so 
because of the complex of events (other than the host's population density) that is often required 
to trigger epizootics (See Tanada, 1964; Huffaker et al., 1971.) Unmanipulated, they are not com-
monly reliable population regulating factors; they may even disrupt a better regulating factor 
(e.g., an entomophagous insect - see below). 
However, as Tanada (1964) noted, an epizootic may cause a very prolonged control through 
its near-annihilative effects. Moreover, pathogens present obvious advantages as selective biotic 
insecticides, and this field is one of the more promising ones among alternatives to the use of 
broad-spectrum chemical insecticides. The discovery, characterization, and testing of new 
pathogens; extensive investigation of their effects as population control and regulating factors in 
the field; and their interactions with other measures need to be intensified. 
The role of phytophagous insects in the control of mixed plant populations has received some 
attention, and again the best evidence derives from the empirical record in the biological control 
of weeds (Andres et al., in press ). The suggestion of Ridley (1930) that biological control by 
phytophagous insects may help to account for the high, plant-species diversity in complex 
vegetation in the tropics has been renewed recently (Harper, 1969; Janzen, 1969; Huffaker, in 
press ). With each plant species so controlled or "spaced out," opportunity for other species to 
come in is opened up. 
Natural enemies ai:;e widely recognized as a significant factor in control of pest populations 
even by persons who deny that their action is density dependent or regulating. 
The Characteristics of an Effective Natural Enemy 
The intensity of nonterritorial predation may be gauged by the ability of the most efficient 
species to lower the prey's numbers to the limits of its own security; sometimes this is to the 
point where other predators or parasites are displaced (Huffaker et al., 1971 ). Searching capacity 
is the principal criterion in stable environments, whereas intrinsic rate of increase is a very im-
portant additional feature in unstable environments. Among the characteristics of an effective 
natural enemy, searching capacity is first. These characteristics were summarized by Doutt and 
DeBach (1964) and Huffaker et al., (1971), the latter listing the four main characteristics as, "(1) 
its adaptability to the varying physical conditions ... (2) its searching capacity, including the 
general mobility [or capacity for dispersal], (3) its power of increase relative to that of its prey [or 
host], and relative to its power of prey consumption, and (4) other intrinsic properties such as 
synchronization with the host, a relatively high host specificity, a degree of discrimination, good 
ability to survive host-free periods, and special behavioral traits that alter its performance as re-
lated to density or dispersion of its host and its own population." Searching capacity would not, of 
course, be high if certain of these other characteristics were not also favorable. 
Zwolfer et al. (in press) further consider the desirable characteristics of a natural enemy. In 
addition to the above properties, five somewhat related consequences of their performance in the 
native home area in the field are discussed, viz., (1) host range, (2) host preference, (3) constancy of 
association, (4) abundance, and (5) intrinsic and extrinsic competitive capacities. Clearly, if a 
strictly host-specific parasite is intrinsically inferior to another strictly host-specific parasite, 
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and if they are real ecological homologues, the intrinsically inferior species must be extrinsically 
superior in order to exist; their mere existence requires superior searching capacity. They would 
thus be capable of controlling the host at the lowest densities. Actual high searching capacity 
also requires high adaptation to the host and the habitat. Where the above strictures apply to 
potential competitors, those possessing extrinsic superiority would normally succeed over and 
displace the extrinsically inferior but intrinsically superior competitors. Host specificity, 
however, is not usually so strict nor are the adaptations of parasites equally suited over the 
whole range of a host; hence, closer considerations are required concerning intrinsically superior 
hosts of somewhat unspecialized host adaptations, especially those exhibiting an hyperparasitic 
habit of cleptoparasitic nature. 
Many other aspects of these characteristics are significant. Messenger et al. (in press) con-
sider them in the light of current views of the utility of using our knowledge of genetics to im-
prove the practices employed in applied biological control. They wrote, "It is seldom possible to 
forecast with confidence the result of an introduction, and never possible to describe all the 
characteristics necessary for effectiveness in any particular incidence. Such prescience is at 
present precluded by the extreme complexity of the interactions between the pest, the introduced 
natural enemy, and the physical and biotic environments." Nevertheless, they noted that by 
employing the great body of scientific knowledge the prospects of success may be enhanced, the 
risks involved reduced, and the pool of knowledge that promotes predictability enlarged. 
Practice of Introducing a Number of Species of Natural 
Enemies 
This practice, in contrast to a single, carefully selected one, has been hotly debated. It is easy 
to visualize how a natural enemy possessing the potential of a catastrophic effect on a given pest 
species that possesses a reliable regulating natural enemy might seriously disrupt the latter 
from exerting its control effect. Some rather general predator introduced onto an island, by shift-
ing its attack from a more preferred prey species that is abundant, might cause the near or 
virtual annihilation of the effective (or some later-to-be-introduced effective), more host-specific 
natural enemy through severe decimation of the pest species (Huffaker and Kennett, 1966), or by 
destroying the continuity of a stage required by the effective natural enemy, as with the effect of 
Pedicuwides on a hispid beetle in Fiji (Taylor, 1937). The pest would then be free to outbreak fre-
quently with only the later sporadic attention given to it by the general predator. Pathogens de-
pendent in part upon factors other than host density (e.g., weather) to trigger an epizootic can 
have such an effect relative to disruption ·of a more reliable, or potentially more reliable, and 
steadily operating entomophagous parasite or predator. This has been observed for the diamond 
back moth in South Africa (Ullyett, 1947) and for citrus red mite in California (C.E. Kennett, 
personal communication). 
Aside from this type of situation, and where only highly host-specific parasites and predators 
are involved, the empirical record furnishes the clearest basis for an evaluation of the question. 
This record strongly supports the introduction of a complex of primary, highly specific parasites 
and predators. Moreover, there has been no general indication of detrimental consequences ensu-
ing from introducing euryphagous species. Yet this record is not entirely free of warnings 
relative to less host-specific parasites and predators, and especially pathogens. The experience 
with pathogens has been much less extensive, and by their very nature they are more 
"catastrophic" and erratic in action. 
Huffaker and Kennett (1966) give a synopsis of the empirical record, which justifies con-
tinuation of introducing a complex of natural enemies but with some greater care, such as sug-
gested by Zwolfer et al. (in press). 
'While the gross record of deliberate introductions of enemies to control given pests 
is largely undocumented as to the degrees of control achieved by the first introduced 
enemy versus the first two, versus the first three or four, et cetera, two facts seem abun-
dantly clear from experience alone: (1) introduction of an additional enemy has in-
variably improved upon the degree of over-all control or else it has made little dif-
ference, and (2) unless we can make the highly unlikely [ridiculous] assumption that in 
all cases the first enemy was an inferior one and that each later one added could have 
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done a better job if introduced alone, the suggestion is disproved that the more enemies 
a species has, the poorer and more unstable will be the degree of control." 
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By chance we would expect that a second species would be inferior to the first half of the time; 
consequently, there should be, according to the general hypothesis, as many cases wherein the 
degree of control was noticeably reduced as there would be cases of noticeable improvement. This 
is patently not true! 
Doutt and DeBach (1964, p. 127 ) comment in like vein: "Multiple introductions, whether 
simultaneous or spread over a period of time, have apparently nearly always added something to 
the effectiveness of host population regulation, either in time or space, regardless of the intense 
competition which occurs . .. ". 
The interrelationships between this whole question and that of competitive displacement are 
fundamental , and are treated in detail by Huffaker et al. (1971 ). (See also DeBach and Sundby, 
1963; DeBach, 1966; Huffaker and Laing, 1972). 
The question of interference competition between natural enemies leads automatically to a 
consideration of competitive displacement, which is well documented for a number of cases in 
biological control. Both this question and that of whether or not two species that do compete can 
in fact accomplish a better overall degree of control than the best one alone can best be treated 
by looking at a specific example in some detail, which is done for olive scale in California by Huf-
faker and Kennett (1966, 1969). Yet the system of counter-balanced competition, with many 
species not strictly host specific, and the catastrophic nature of some natural enemies as 
described verbally but not quantitatively by Zwolfer (1971 ) lends an element of caution, such 
that the species might be introduced in a predetermined sequence starting with intrinsically in-
ferior and presumably extrinsically superior ones (Franz, 1961). The instance of olive scales re-
ferred to above illustrates the fallacy in assuming that introduction of a complex of competing 
natural enemies is necessarily detrimental. 
Other Important Questions 
Most of these are omitted in this paper. Here, I will simply caution that rigid generalities 
are to be avoided. There are examples of highly effective control by predators although more by 
the parasites (parasitoids). Success has been greater with the more highly host- or prey-specific 
species than with those of broader host or prey range. The specialists are more closely adapted in 
every way and better attuned as population regulators. However, this can only be maximized 
consistent with the situation. Some retention of capacity to utilize other prey (or hosts) or non-
prey foods may be required even in rather highly prey (host)-specific species. Predators of rather 
broad dietary range in habitats regularly or frequently disturbed (annual crop situations) may 
be more important than the highly specific natural enemies, and they would not exhibit the re-
ciprocal, density-dependent, regulating relationship seen in many host-parasite relationships in-
volving highly host-specific natural enemies. Nearly always, however, something less than total 
reciprocity in the relationship is found. For example, with the Parlatoria-Aphytis situation in 
California, weather disturbs the reciprocity even in the absence of the second effective parasite, 
Coccophagoides utilis. 
The Special Case of Weeds 
This account is taken mostly from the review of Andres et al. (in press). 
Both cultural and chemical controls of weeds, the dominant methods, are costly and must be 
repeated crop after crop. Recently, herbicides have been replacing cultural methods. The high 
cost, constant recurrence of the problem, and side effects sometimes engendered by the use of 
herbicides have heightened interest in alternative methods. Biological control is one such 
method, albeit not one that is applicable where a large complex of weeds occurs, as in many 
annual, row-crop ecosystems. Biological control of weeds has had its unique utility in situations 
where a single, highly aggressive species is the main problem, and with its solution other equally 
troublesome weeds would not take its place. Sometimes two or perhaps three weed species in a 
given situation might logically be adequately controlled by this means. 
Biological control of weeds is fundamentally similar to biological control of insects, and the 
principles treated above in large measure apply. It is to be noted, however, that with weeds, we 
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can only introduce highly specific natural enemies, for weeds are simply any plants in unwanted 
situations. Hence, especially thorough testing of the acceptable host range of candidate weed-
feeding organisms must be conducted in order to assure that they would not damage economic or 
otherwise desirable plants. Another major difference is that with weeds, the natural enemy may 
not be required to kill the pest organism directly but only to reduce its competitive vigor so that 
it cannot compete with the crop plants, as was true for the thrips used successfully to control 
Koster's curse in Fiji (Simmonds, 1933). 
Insects have been the principal agents used in this work, but recently work has been concen-
trated on other organisms, e.g., plant pathogens (Wilson, 1969; Inman, 1971 ); nematodes (Ivan-
nikow, 1969); parasitic plants (Rudakov, 1961); and competing plants, snails, and other or-
ganisms (Yeo and Fisher, 1970). 
Skeleton weed (Cfwndrilla juncea) is an extremely serious introduced weed of cultivated 
areas, especially in wheatfields of southeastern Australia. Many strains of this weed occur in the 
Middle East and Mediterranean areas, but it is not regarded there as a weed and is relatively 
uncommon. It is heavily attacked there by many organisms. After prolonged study the CSIRO in-
troduced into Australia in 1971 a species of rust (Puccinia cfwndrillina) that has already had a 
spectacular effect. In 1972 it spread from release sites rapidly, and by 1972 to 1973 it had result-
ed in extensive and effective epidemics. In the very wheatfields where the wheat rust organism, 
Puccinia graminis, (form tritici), had been so devastating in earlier years, this other Puccinia (i.e., 
chondrillina) has been dramatically used by man to protect the wheat grown there (D. F. 
Waterhouse, pers. conv.). 
It is noteworthy that this rust is so host-specific that it will not attack other than 
Chondrilla; in fact it does not attack two other strains of C. juncea itself, which occur in but are 
of less importance in New South Wales. It is even more noteworthy that this is the first example 
in the world, in post-quarantine history, of a plant pathogen being deliberately introduced into a 
new country for weed control. Other studies on Puccinia and other pathogens that attack certain 
weeds are already being conducted - e.g., on field bindweed. 
The types of habitats for which biological weed control has been attempted are also being 
broadened. Formerly, attempts were made mainly in semi-natural rangelands. Indeed, the first 
attempt (control of lantana in Hawaii ), and the two most extensive and spectacular successes 
(control of prickly pears over 60 million acres in Australia and of St. Johnswort or Klamath weed 
over some 5 million acres in western USA), have been in such situations. 
Now, however, projects are being conducted to control aquat ic weeds, and in one case, conse-
quently, the snail hosts of schistomiasis, and also weeds in more frequently disturbed situations, 
e.g., skeleton weed in Australia (above) and yellowstar thistle in California. The success being 
had in parts of the South in control of the water weed, Alternanthera phylloxeroides by an in-
troduced chrysomelid beetle is encouraging and a program-is now under way for water hyacinth 
as well. 
In frequently disturbed or annual-crop situations, perhaps the use of pathogens might prove 
more feasible than use of insects. Life cycles of the latter are long and the reproductive increase 
is slow relative to pathogens; therefore, there is more likelihood of serious interference. (Andres 
et al. in press). 
Inman (1971) has studied the rust Uromyces rumices (Schiem) Wint., which attacks curly 
dock in Europe, with the view of its utilization in biological control. The fungus Alternaria 
cuscutacidae (Rudak) has been used to control Cuscuta sp. (dodder ) in alfalfa in the USSR 
(Rudakov, 1961 ). 
Some success has attended attempts at biological control, even of annual weeds or ones in 
frequently disturbed habitats. Thus a degree of reduction has resulted in some areas of the 
annual Emex spinosa (L.) Campd. in Hawaii (Anon., 1968), Tribulus terrestris in California and 
Arizona, and of this species and native Tribulus cistoides L. in Hawaii. For Emex a weevil was 
most effective; for Tribulus, two weevils, one a seed borer and the other a stem borer from Italy. 
However, in California the puncture vine, T. terrestris, has not in general been much reduced; it 
is subject to sporadic germination and establishment success, and to prolonged seed survival in 
the soil in any event. 
The Special Case of Soil-Borne Plant Pathogens 
Snyder et al. (in press) have recently discussed the prospects for biological control of soil-
borne plant pathogens. They include not only the use of true natural enemies, as. with various 
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parasites and of fungi predaceous on nematodes, but also the role of other microbial antagonists. 
This account is taken from their discussion. 
Chemical control of plant pathogens, or use of steaming or flooding, can be quite effective. 
Unfortunately, they are often uneconomic for the short-term control effected, and chemical 
residues and other shortcomings may pose problems. Because such treatments affect the whole 
soil part of the biosphere rather than just the pathogens, reinvasion and resurgences often occur 
quickly. Sometimes there is simply a "disease trading" of a formerly dominant pathogen for a 
minor one that then becomes dominant and a problem (Kreutzer, 1965). Likewise, control of 
pathogens through genetic resistance is much used and is most promising, although such solu-
tions are again often good only for a period of years. Snyder et al. (in press) consider that a 
thorough study of the natural control factors operating in soil ecosystems may lead to some solu-
tions that are more lasting. 
Biological control of plant pathogens that has been observed in both field and laboratory in-
cludes the viruses, fungi parasitic on plant pathogenic fungi , fungi predaceous on nematodes, in-
sects predaceous on plant parasitic fungi and nematodes, nematodes parasitic on plant-parasitic 
nematodes, and various types of microbial antagonists. 
Virus "cross-protection" has been noted, e.g. wherein peach trees infected with a strain of 
peach mosaic virus that caused only very slight symptoms were thus protected from the much 
more virulent, closely related strains (Stout, 1950). Gaumann (1950) showed that potato plants 
preinfected with the H-strain of the X-group of potato viruses with no disease symptoms are pro-
tected subsequently from all X-viruses. 
Snyder et al. (in press) list extensive examples of the action of mycoparasites in the destruc-
tion of plant parasites, but they note that their practical utilization has been extremely limited. 
One problem is that what at first sight appeared to be a simple relationship turned out to be 
very complex, and very difficult to manipulate. Techniques successful in the laboratory have 
proved unsuccessful or too costly when tried in the field. 
The nematode Thornia sp. has been observed to feed on the plant-parasitic nematodes, 
Tylenchus semipenetrans and Aphelenchus avenae (Boosalis and Maukau, 1965). The authors felt 
that under certain conditions this predation, plus other parasite feeding, may account for a 
significant degree of natural control of these nematodes in California citrus groves. 
Gilmore (1970) has noted heavy predation on nematodes by a collembolan (1 eaten every 41/2 
seconds by a single collembolan); and he also felt that, together with the action of other natural 
enemies, this might be significant. 
Predaceous nematophagous fungi (primarily Hyphomycetes) are a well-defined ecological 
group in the soil. Trapping structures of short sticky lateral branches, e.g., in Dactylella lobata, or 
constricting rings as in other species are effective in capture. Although no one seems to have 
claimed a controlling effect, their abundance in soils seems to be correlated with the density of 
nematode hosts (Snyder et al., in press). 
Bacteria, actinomycetes, and other fungi that produce substances antibiotic to plant 
pathogens in vitro have been isolated from soil. Certain antifungistatic factors in 3oils remain a 
matter of controversy. Some are thought to differ from the antibiotics produced by micro-
organisms, because the inhibition effect was not removed by repeated leaching or percolation. 
Production of antibiotics antagonistic to Pytheium species by addition of organic matter has been 
obtained, and lessening of camping off has temporarily resulted (for 10 days) in soils infested 
with organisms antagonistic to Pytheium. The fact that such effects seem to be very temporary 
has led to the view of Garrett (1965), which he wrongly terms an "axiom", that adding an or-
ganism to an ecological habitat only temporarily alters the balance of the various species in the 
habitat. The fact that such augmentations were made 40, 50, and even 75 years ago in the 
biological control of certain insects and weeds, without any return to the previous pest status, 
suggests that the soil environment being more complex, will require thorough study but that we 
need not infer that manipulations cannot prove to be successful in the biological control of soil-
borne plant pathogens. Finally, certain rotation practices demonstrably lessen the problems with 
some pathogens. Though some of the reasons are known, much more needs to be learned about 
the whole complexity of soil microfaunal and floral interrelationships as associated with the 
growth of various crops before we can use these practices to best advantage. 
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Some Examples of Practical Biological Management 
of Complexes of Pests 
I have already discussed several examples of biological control where highly successful 
management has resulted concerning rather simple problems, i.e., where a single major pest was 
involved and was brought under control by introduction of one or more natural enemies. Ex-
amples discussed above relative to both insect pests and weeds conform to this situation. 
However, for many cropping situations a complex of pests occurs, and, while there suitable 
natural enemies may be available to control one or more of the main pests, others may require 
chemical treatments. The problem posed, then, is to develop a suitable program of control of the 
whole complex of major pests. This has been solved in a number of instances with reasonable suc-
cess by using a combination of carefully chosen methods - i.e., by ·integrated pest management. 
One of the better examples is the combination of biological control, use of chemicals, and 
careful cultural practices to control a complex of greenhouse pests of cucumbers and chrysan-
themums in the United Kingdom and the Netherlands (Hussey and Bravenboer, 1971). 
Integrated management of pests of apple has reached a fairly sophisticated level of develop-
ment. Each apple region of the world has its own complex of pests. In many of them the codling 
moth is the key pest. By this I mean that it is inherently a major pest and the chemicals used for 
its control often lead to other pest problems, such as outbreaks of spider mites and scale insects. 
In Nova Scotia where the codling moth has a single generation a year and is heavily preyed 
upon during the overwintering stage by woodpeckers and is attacked by a number of other pre-
dators and parasites, a modified spray program utilizing the botanical Ryania for codling moth 
and selected low residue fungicides for control of diseases has been used successfully. Mites and 
scale-insect problems have not been significant under these programs. 
In the State of Washington (a two-generation area where Ryania has not proved adequate ), 
use of reduced dosages and fewer treatments of Guthion at carefully selected times adequate for 
codling moth and some other pests, and omission of treatments designed to keep the rust mite at 
low levels, have permitted adequate biological control of spider mites with much reduced treat-
ments. A native predatory mite, Metaseiulus occidentalis, has developed a substantial resistance 
to a number of insecticides and is a significant factor in controlling spider mites, particularly the 
McDaniel spider mite, if the rust mites (seldom a pest) are allowed to be present to serve as 
alternate prey. By this combination of methods and use of chosen fungicides, the spraying pro-
gram for apple-insect and mite-pest control has been reduced by about half, with greater profit to 
the grower and gain to the environment (Hoyt and Caltagirone 1971 ). 
Croft (1972) has recently developed a program in Michigan a bit more advanced in one 
respect. He has developed a static model or chart giving values for the ratio in numbers of the 
significant predatory mite to those of the European red mite. This model serves as a guide to 
whether the grower needs (1) to make a treatment for the pest mite at once, (2) wait until 
another weekly sample is taken to see what develops, or (3) can be assured that the pest-mite 
popul~tion will be controlled by the predator. Similar charts relative to predation on spider mites 
by the coccinellid beetle Stethorus have been developed in Pennsylvania. A different technique-
very careful monitoring of codling moths in orchards by use of the codling-moth pheromone and 
precise timing of the treatments - has enabled New York growers to reduce treatments in re-
cent years by about half (E. Glass, personal communication). 
Another significant, integrated, pest-control program is that for citrus in Israel. Previously, 
three species were serious pests. These were Florida red scale, Chrysomphalus aonidum L.; the 
Mediterranean fruit fly, Ceratitis capitata (Wied.); and the citrus rust mite, Phyllocoptruta 
oleivora (Ash.). Other insects and spider mites were of minor importance. First, the introduction 
of the parasitic wasp, Aphytis holoxanthus DeBach, completely solved the Florida red-scale 
problem. Harpaz and Rosen (1971 ) wrote, "However, the parasite could not have been able to 
practically free the entire citrus area of Israel from losses due to Florida red scale within less 
than three years had it been necessary for it to operate under a regime of cover sprays of 
chlorinated hydrocarbons used against the fruit fly and non-selective acaricidal treatments 
against the rust mite." They developed an entirely new program involving use of attractive 
poison baits for the fruit-fly control and use of Zineb® instead of sulfur or dicofol for control of 
the rust mite. This latter change permitted more effective predation by a number of indigenous 
rust-mite predators. The number of cases requiring rust-mite treatments have constantly 
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declined and " .. . the mite has recently ceased to be a pest of major economic importance", the 
authors wrote. 
The pest-management system developed in cotton, an annual, in Peru's Canete Valley has 
been one of the most widely discussed integrated control programs of the synthetic organic insec-
ticide era. What is not generally known is that equally successful programs were developed and 
have been maintained in several other of Peru's agricultural valleys. Among these are the 
valleys of lea, Pisco, Chincha, Rimac, Chancay, Carobayllo, Huaura, Supe, and Pativilca, in addi-
tion to Canete. 
Several of these valleys developed crisis pest problems in cotton following the introduction of 
synthetic organic insecticides in the late 1940's and early 1950's. As these problems increased in 
gravity, one after another of the valleys abandoned use of modern insecticides, adopting legal 
restrictions on the use of such materials and fixed dates for certain cultural practices. Among the 
latter were the prevention of ratooning, adoption of fixed planting dates, clean fallow periods, 
and an active campaign to increase the natural enemy faunas. The techniques employed to in-
crease the natural enemy populations were the interplanting of corn in cotton fields, planting of 
corn and wheat acreages in the more heavily infested areas, and transportation of corn tassels 
bearing various stages of the entomophagous species from heavily populated areas to im-
poverished ones. The corn interplantings and corn and wheat acreage intermixtures permit the 
early increase of a complex of entomophagous species, several of which readily move into the de-
veloping cotton nearby. 
The key to the Peruvian integrated control program has been the maintenance of the 
natural enemies that suppress populations of bollworms, principally Heliothis virescens 
(Fabricius), which can explode to devastating levels when released from their biotic sup-
pressants, as occurred in the Rio Grande Valley of Texas and Mexico (Adkisson, 1971). But ex-
perience has also shown that still other pest problems in cotton are also aggravated by the in-
terference of the synthetic organic insecticides with naturally occurring biological control. For 
example, in the Canete Valley the complex of damaging species in cotton virtually doubled in 
numbers (from 7 to 13 species) following the adoption of the synthetic organic insecticides. After 
the establishment of integrated control, the numbers of pest species reverted to their formal 
level. Again, with these pests, disruption of naturally occurring biological control has been the 
crucial factor. 
These integrated control programs have been in effect in Peru's cotton-growing valleys for 
many years now and stand as strong testimonial to the importance of naturally occurring 
biological control and the integrated control concept. 
Programs of integrated control of cotton pests, insects and mites, and to an extent diseases, 
are being developed by the IBP project in pest management. They are fairly well developed, 
employing cotton-plant-growth modeling, protection of natural enemies, careful monitoring and 
use of economic injury information, selective use of chemicals, cultural practices, and variety 
selection. Already shown is that a great reduction in the use of insecticides is feasible , highly 
profitable, and environmentally rewarding. 
Similar developments are progressing for soybean and the dark situation presented by cot-
ton just a few years ago need not be repeated, i.e., development to a really "addictive" position 
with respect to sole reliance on chemical pesticides. 
I cite as a final example of biological management of pests, cabbage, an annual truck crop, 
previously thought notoriously lacking in suitable biological control of its insect pests. 
Researchers at the ARS biological control laboratory at Columbia, Missouri, sought to determine 
if such a crop could be adequately and entirely protected from insects by nonchemical means. 
They showed that this can be done in Missouri and in fact might prove commercially feasible. 
A large number of cabbage insects occurred in the plots. The major one was the cabbage but-
terfly, Pieris rapae. Others present were controlled by the following methods or did not need con-
trol measures: 
Populations of cabbage looper were controlled by releasing Trichogramma and use of a virus 
spray. High rates of parasitism of the diamondback moth prevailed and it did not need treat-
ments. Larval populations of the cross-striped caterpillar were sporadic, parasitism, even so, was 
significantly high. Some four other species were encountered but did not reach economic levels. 
Again, parasitism rates were high. 
_ For the main pest, Pieris rapae, releases of Trichogramma and of Apanteles rubecula, 
combined with releases of the butterfly itself, proved effective. The pest was released so as to 
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bridge a period of otherwise unavailability of the host for maintaining a population of the 
parasite, A. rubecula, during the summer. Later experiments have also shown that a combina-
tion of parasites and pathogens can be beneficial. The parasite serves to spread the pathogen. 
Parker (1971 ) wrote, "The important result of these experiments was that a marketable crop of 
cabbage was produced; 96% of the plants produced Grade A, No. 1 heads, whereas at the check 
site none of the plants produced marketable heads." 
CONCLUSION 
I believe the examples given justify the following conclusions: (1) that among all the conjec-
tured alternatives to use of conventional pesticides, only biological control in the usual sense has 
proven to be "permanently" successful in a large number of instances; (2) that along with greatly 
increased research to develop better pest resistance, a greatly increased effort in conventional 
and nonconventional biological control research is needed; (3) the potential for using biological 
control of soil-borne plant diseases and of resident as well as introduced natural enemies, with 
more emphasis on habitat and resource management, use of microbial pathogens, and intensified 
search for new genetic "strains" of or entirely new natural enemies, should pay real dividends, 
(4) the use of all these tactics cannot be optimized without looking at the whole cropping system; 
the place of each tactic, each cultural procedure, and each crop variety must be viewed as a part 
of an overall ecologically oriented strategy as far as pests are concerned to their containment, 
rarely to their eradication; (5) this will require a systems-analysis approach not only in pest con-
trol but in crop production and its marketing; and (6 ) there is no substitute for adequate funds 
for profound and continuing research, for our production and pest problems are dynamic and con-
tinuously changing. New solutions are continuously demanded. 
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THE PLACE AND PROMISE OF BIOLOGICAL 
MANAGEMENT OF PESTS IN ANNUAL 
CROPPING SYSTEMS1 
H. Tachibana2 
ABSTRACT. The status of biological control in plant pathology is briefly summarized by citation 
of principal recent symposiums and sources of information. Biological management is discussed 
by use of one specific example of biological control for brown stem rot, a possible cross-protection 
phenomenon for virus control, and available beneficial germ-plasm for disease resistance in soy-
beans. The effect of man in creation of pests and pestilences is emphasized. 
INTRODUCTION 
As a plant pathologist, I can discuss only to a limited extent the biological control that Dr. C. 
B. Huffaker and entomologists generally recognize as beginning in 1888 with the importation of 
the vedalia beetle (Rodolia cardinalis (Mulsant)) to control cottony cushion scale of citrus 
(DeBach, 1964). Examples of such highly specific and effective control methods are rare in plant 
pathology. No matter how "biological management" may be defined, I believe that it describes 
what plant pathologists studying soil-borne pathogens have been emphasizing and what I am 
trying to accomplish in the control of brown stem rot (BSR) of soybeans (Gylcine max (L. ) Merr.). 
This fungus disease is caused by Phialophora gregata (Allington & Chamberlain) W. Garns (All-
ington & Chamberlain~ 1948; Garns, 1971). It was calculated to have caused a loss of 50 million 
dollars in Iowa in 1972, according to the regression coefficient of Dunleavy and Weber (1967) and 
BSR survey data by Dunleavy and Fisher (1973). Thus, I am grateful for this opportunity to dis-
cuss, with Dr. Beegle and Dr. Huffaker, the biological management of pests. 
To discuss the paper by Dr. Huffaker and the subject matter, I can add to what he presented 
only by giving briefly the status of knowledge of biological control methods in plant pathology. 
After that, I will relate my research to biological management of pests. 
Plant pathology has never experienced a major chemical problem such as entomology has 
had with DDT (1,l,1-trichloro-2,2-bis(p-chlorophenyl)-ethane (by common usage, an isomeric 
mixture of dichlorodiphenyltrichloroethane in which the p,p' isomer is not less than 60 to 70%). 
Nevertheless, similar but equally dramatic ecological effects were experienced when soil 
sterilization was first used for management of soil pathogens that were hard to control (Baker, 
1970; Davies and Owen, 1954; Kreutzer, 1960, 1965; Russell and Hutchinson, 1909). Later, soil 
1Joint contribution of the North Central Region, Agricultural Research Service, U. S. Depart-
ment of Agriculture; and Journal Paper No. J-7889 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa 50010. Project No. 1179. 
2Research Plant Pathologist, North Central Region, Agricultural Research Service, U. S. Depart-
ment of Agriculture, and Associate Professor, Department of Botany and Plant Pathology, Iowa 
State University, Ames, Iowa. 
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pasteurization, fumigation , antagonism, antibiosis, and many different phenomena and tech-
niques were studied and tested for control of soil-borne pathogens. 
Much literature is now available on the subject and related topics. As a result, a book en-
titled Ecology of Soil-Borne Plant Pathogens-Prelude to Biological Control was published in 1965 
(Baker and Snyder, 1965). It had been based on an international symposium held at the 
University of California, Berkeley, in 1963. The book not only provides a wealth of information, 
but also discusses unending problems inherent in m~nagement of pests, particularly soil-borne 
pathogens. A participant of the conference, G. H. Hepting, states, "At this symposium, we have 
learned a dizzying amount on the subject of soil microbiology, but not too much on biological con-
trol of pathogens." Another conferee, L. W. Boyle, gave a quotation from Robert Frost, which I 
think summarizes the symposium: "Confusion is a lack in the sense of shape or form. That is 
why, at institutions for the treatment of confused people, they put a pile of straws in front of 
them and teach them how to form little baskets." Boyle himself added, "We have had quite a pile 
of straws laid before us to take home and weave into baskets." 
In reviewing the literature for the present symposium, I have learned that two participants 
of the symposium in 1963, K. F. Baker and R. J. Cook, have recently written a book entitled 
Biological Control of Plant Pathogens (Baker and Cook, 1974). Information in this book and in 
Ecology of Soil-Borne Pathogens should introduce the subject to anyone interested in biological 
management of pests, as viewed by plant pathologists. Huffaker (1971 ) states, "Biological control, 
moreover, is compatible with enlightened integrated control programs wherein restricted use of 
chemicals combined with cultural and other ecological methods are emphasized. In fact, 
biological control is usually a key aspect of integrated control programs, for this technique is 
manipulatable and augmentable . " 
In September, 1973, a symposium entitled "Elucidation and Utilization of Naturally Occur-
ring Biological Control" was held with the Second International Congress of Plant Pathology at 
the University of Minnesota, Minneapolis. The symposium emphasized biological control 
methods that were discovered early, established, and used successfully for many years (Broad-
bent and Baker, 1973; Risbeth, 1973; Shipton, 1973). 
Because my research on biological control began only recently, it remains to be developed. 
However, I find this symposiwn opportune for presenting aspects of the research, particularly 
those that relate to biological control and management of pests. I hope to contribute to the objec-
tives of this symposium and progress in control of BSR of soybeans. 
Brown Stem Rot of Soybeans 
My objective is to control BSR of soybeans. The first goal is development of resistant 
varieties in cooperation with plant breeders. Screening and breeding for BSR-resistant soybeans 
has been in progress in other states since the early 1950's, shortly after the disease was dis-
covered (Allington and Chamberlain, 1948). My concern with biological control of this disease 
began in 1971. During preliminary study, a virus was discovered associated with BSR resistance 
(Tachibana and Card, 1972). Problems involved in developing BSR-resistant soybeans multiplied 
rapidly thereafter in many ways, and major questions arose. Three immediate questions were as 
follows: (1) Was the large variability in results in evaluating BSR-resistant lines by Cham-
berlain and Bernard (1968) related in any way to the presence or absence of the virus? (2) Is 
biological control of BSR possible by use of the virus? (3) Is it sound epidemiologically to develop 
high-yielding, BSR-resistant soybeans with virus association and later to release them for 
general use over wide areas? 
The answer to the first question may seem purely of academic interest. However, if previous 
experimental variability is now found to have been related to the presence or absence of a virus, 
it would become more possible to develop BSR-resistant soybeans with current efforts and in 
reasonable time. If high-yielding, BSR-resistant soybeans are developed, then answers toques-
tions (2) and particularly (3) are needed. In other words, the question becomes even more signifi-
cant of what the consequence will be of releasing a new variety of BSR resistance assoc;iated with 
the presence of virus. 
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Biological Control 
Before we concern ourselves with the results of using a virus to control a fungus disease 
biologically, we need to find the effectiveness of the methods. Two methods for biological control 
- direct and indirect - were considered and tested in the field in 1972. In the direct method, a 
mild strain of soybean mosaic virus (SMV) was directly inoculated into varieties that were sus-
ceptible to both SMV and BSR. In the indirect method, natural means of transmission - seed, 
mechanical , and insect - were depended on for virus dissemination, which was possible simply 
by the blending or mixing of seeds. Seeds of a low-yielding, BSR-resistant line and a high-
yielding, susceptible commercial variety were mixed in predetermined proportions and tested for 
disease development and yield. Preliminary experimental results obtained in 1972 showed both 
methods to be feasible. However, the indirect method had immediate practical significance and 
also solved the dilemma of spreading another pathogen (i.e., a virus in BSR-resistant soybeans). 
This method and its results, reported by Tachibana and Card in 1973, relate to biological 
management of pests. 
Ross (1969) reported what had happened in North Carolina and Virginia a few years ago 
when the SMV-resistant variety, "Ogden," widely grown in the region for many years, was dis-
placed by virus-susceptible varieties. Ogden was resistant to all seven races of SMV known at 
that time. Ross states, "The increased incidence of soybean mosaic virus in commercial soybeans 
in North Carolina may have resulted from the displacement of a SMV-resistant variety." 
Average yields in North Carolina in 1950, 1960, and 1968 were 16.0, 22.5, and 17.5 bu/A respec-
tively (American Soybean Association, 1973). The change from virus-resistant to susceptible 
varieties may have caused the differences in yield. That is only a possibility. 
However, literature has shown that for many years research at North Carolina emphasized 
soybean viruses after "Ogden" was displaced by susceptible commercial varieties and virus dis-
ease became a problem. In Iowa a plant virologist was hired for the first time not many years 
ago, when maize dwarf mosaic was reported to be a potential threat to Iowa corn production. If it 
is possible to prevent normal release or repeated use of virus-susceptible varieties or infected 
seed, as was done in North Carolina, then we need not be too concerned with the result of spread-
ing a virus. 
A unique feature of the indirect, or blend, method that I propose for controlling both BSR 
and virus is that grain harvested from blends is not recommended as seed for later crops. 
Harvested grain, including virus-infested grain, must be shipped to the elevator and marketed. 
Thus, not only does the blend method make it possible to control BSR with a virus, but it also 
prevents the propagafam and spread of the virus. If ever virus diseases became a problem, blend 
proportions could be adjusted or pot recommended at all. The blend method of biological control 
for BSR also seems a good example of an integrated pest-management system. 
Biological Management 
Another example of how principles of pest management help control BSR closely fits into 
concepts emphasized today for pathogen management-i.e., diversity (Browning, 1972; Day, 1973; 
National Academy of Sciences, 1972). 
Day (1973), a geneticist, states, "The sciences of plant pathology and entomology were 
spawned out of the need to devise ways to protect vulnerable crops. Plant breeders introduced 
genetic resistance to restore the balance, but only succeeded in making crops still more uniform 
in this and other respects as they successfully pursued the search for higher yield and greater 
quality." 
With gradual realization of the problem, plant scientists are recommending diversity and 
not uniformity (Roane, 1973). To improve diversification, however, they seem to emphasize tradi-
tional ways, i.e., to send plant explorers to distant lands for new germplasms. Although explorers 
are sent with the hope of finding new potential germplasm, these germplasms remain only 
potential future contributors to crop production. I suggest an area of exploration where we 
already have material never used commercially, because intradisciplinary orientation has ex-
cluded it. Contrary to what Roane (1973) reports, resistance to BSR of soybeans is kno~ and has 
been crossed with commercial cultivars (Chamberlain and Bernard, 1968). Because resistant 
lines have not yielded satisfactorily on uninfested lands, they remain unreleased and are used 
only for further breeding. I have found these BSR-resistant lines superior to their susceptible 
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parent as well as to current commercial varieties tested on infested lands. To illustrate this point 
and that of biological management of pests in more ways than one, I shall use experimental data 
obtained in 1973. 
The objectives were to determine what effect viruses would have on B8R-resistant lines 
grown in commercial soybean fields where natural fungus and virus infection occur. The effects 
of infection by more than one virus were of major concern, because severe effects of different 
virus combinations have been reported by most workers studying 8MV (Quiniones, 1968; Ross, 
1968; Walters, 1958). Also, a severe virus-disease outbreak has been reported recently from Iowa 
(Hill et al., 1973). To facilitate the test, fi ve Iowa farms with B8R problems were located, and the 
grower cooperators were provided seeds of a low-yielding, B8R-resistant line. The fields were 
alternately stripplanted with multiple rows of the B8R-resistant line and a commercial variety 
previously selected by the grower. 
The results showed that the B8R-resistant line had less disease and higher yields where 
B8R incidence was high. Figure 1 shows relative development of disease as a percentage of stem 
infected on susceptible varieties, "Wayne" (8-1 ) and "Calland" (8-2), in contrast to resistant lines 
CR-1 and R-2). Although disease incidence was low at Bagley, the relative reactions of the resis-
tant (R-1 ) and susceptible (8-1) lines are evident. At the three other sites the yields of the resis-
tant lines (R-1 and R-2) were significantly higher than yields of the susceptible lines (Fig. 2). The 
relatively higher yield of "Wayne" (8-1 ) above that of the resistant line (R-1) at Bagley was pre-
sumably caused by low disease incidence at the site. Plot location had to be changed before plant-
ing at Bagley, which required selection of land of unknown conditions and made it impossible to 
be certain of the presence of B8R before the tests were conducted. Otherwise, 100% of the plants 
in all fields had had B8R the previous year. 
At Ames, a site of severe virus infection, the commercial variety "Wayne" was severely af-
fected, in contrast to a mild or slight effect on the B8R-resistant line (Fig. 3). The results were 
opposite to those expected. Instead of a synergistic effect, only a mild yellow mosaic symptom of 
8MV was detected in the B8R-resistant line. The phenomenon responsible is hypothesized to be 
an example of cross-protection, perhaps similar to that reported by Quantz (1961). The virus as-
sociated with BSR resistance (Tachibana and Card, 1972) seems to have protected the infected 
plants against other naturally occurring, unknown viruses. Cross-protection, used commonly in 
pathogen identification, but infrequently for disease control , is another possible method of 
biological management of plant pathogens in an integrated system. 
Although the 1973 results corroborated earlier observations of the yield advantage of B8R-
resistant lines on infested lands, this was the first observation of yield advantages over recent 
high-yielding commercial varieties, namely, "Calland" (8-2) and "Wayne" (8-1), both of which 
were released in 1968 and 1964, respectively. "Clark," released in 1953, is the parent cultivar of 
the B8R-resistant lines reported here. The observed relative differences in yield and disease 
further show the usefulness of the original B8R-resistant lines for growers known to have B8R 
in their soybean plants. 
Crosses were recently made with higher-yielding current varieties, and their progenies are 
currently under evaluation. Therefore, I no longer recommend the release of B8R-resistant lines 
from "Clark" crosses. Instead, I suggest that current methods be changed for evaluation of B8R-
resistant lines for yield and, henceforth, that they be conducted on infested lands. By this method 
of evaluation, the advantage of B8R-resistant lines from recent crosses will be detected early. 
They should be released specifically as resistant varieties for disease control and higher yield on 
BSR-plagued fields. With the release of BSR-resistant varieties, it will be possible to control the 
disease and to increase yields. More important, the goal of diversity will be reached by incorpora-
tion of new germplasm into the cul ti vars available to the growers. 
In conclusion, I quote from DeBach (1964)," . .. People fortunate enough to have witnessed 
a striking example of biological control taking place usually become true believers . . . ," and 
from Corbet (1970), " .. . the world's major pest is man-the earth pest-whose numbers and 
activities are threatening the stability of the biosphere .. . . " In other words, major pests and 
pestilences are created by man because man himself provides the opportunity for their develop-
ment. 
INTEGRATED PLANT PEST MANAGEMENT SYSTEMS 
Q: 
(/) 
m 
BROWN STEM ROT (BSR) 
100 
80 
60 
20 
O_.._ ___ _ 
SOYBEAN S-1 R-1 
LOCATION BAGLEY 
5-1 R-1 
HUXLEY 
5-2 R-1 
OTLEY 
587 
5-2 R-2 
BLOOMFIELD 
Fig. 1. Relative development of brown stem rot (BSR) as a percentage of stem infected on suscep-
tible varieties S-1 (Wayne) and S-2 (Calland) and resistant lines R-1 and R-2 of soybean. 
50 YIELD 
~ 40 
:::> 
~ 30 
c 
20 
_J 
L&J 
>- 10 
0 
SOYBEAN 5-IR-I 5-IR-I 5-2 R-1 S-2 R-2 
LOCATION BAGLEY HUXLEY OTLEY BLOOMFIELD 
Fig. 2. Yields of susceptible S-1 (Wayne) and S-2 (Calland) soybean varieties and resistant R-1 
and R-2 soybean lines. 
588 TACHIBANA: BIOLOGICAL MANAGEMENT OF PESTS 
Fig. 3. (LEFT) "Wayne" soybean-a brown-stem-rot-susceptible, high-yielding, commercial varie-
ty severely infected with virus (es); (RIGHT) a brown-stem-rot-resistant line unaffected by virus 
in the field. 
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BIOLOGICAL CONTROL IN 
ANNUAL CROPPING SYSTEMS1 
Clayton C. Beegle2 
ABSTRACT. The vast majority of insect species are not our competitors; also, the majority of the 
insects that are our competitors are under adequate natural control. Even when the use of 
chemical insecticides is necessary, they have these disadvantages: (1) They cannot solve an in-
sect problem. (2) They select for resistance in the target pest population. (3) They are usually 
harmful to natural enemies of target pest insects and nontarget potential pest insects. (4) Their 
use is expensive when compared with that of some of the alternatives. A number of biological 
controls of insect pests of annual crops have been successful around the world. The chief reason 
for no more successes is the lack of realistic research support in the geographical areas where 
the majority of annual crops are grown, especially in the area of foreign exploration for natural 
enemies. 
* * * * * * * 
Originally I was going to talk strictly about biological control in annual cropping systems, 
but after hearing some of the comments during previous sessions, I decided to enlarge my talk 
somewhat by briefly considering natural control, biological control, and insecticides. 
I would like to start by saying that most entomologists working in biological control consider 
that insecticides properly used are of great value to humanity, much as have been the anti-
biotics. Unfortunately, some serious problems have been created by the overenthusiastic use of 
insecticides, as has occurred with antibiotics. Regrettably, with insecticides we have, in at least 
one instance, done relatively irreparable harm, that being the arsenic problem in the soil of 
Pacific Northwest orchards (Reisenauer, 1970). 
Let us put the problem with insects into perspective. We know that considerably more than 
1 million species of insects are on the Earth. Far less than 0.1 % of those insects ever cause us 
any problem and can be classified as pests. Of course, many of those more-than-1-million species 
are not our competitors - in other words, they don't feed on things we value. But many of them 
do; a good example is corn. More than 30 insect species feed on corn - yet only three or four of 
them can be considered to be pests worth worrying about.3 Why? Because the vast majority of 
potential pest insects are adequately kept below their respective economic injury levels by 
natural control factors. 
How does biological control fit into this? Natural control is the maintenance of a more or less 
fluctuating density of a population of organisms within certain definable upper and lower limits, 
over a relatively long period by the actions of abiotic and biotic environmental factors (DeBach, 
1964). The biotic portion is made up of host-plant resistance, intraspecific competition for food 
1Journal Paper No. J-7949 from the Iowa Agriculture and Home Economics Experiment Station, 
Ames, Iowa 50010. Project No. 1933. 
2Assistant Professor, Department of Entomology, Iowa State University, Ames, Iowa. 
3J. C. Owens, personal communication. 1974. 
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and space, and pressures exerted by predators, parasites, and pathogens. Those willing to observe 
the fact only have to look around during the growing season to observe that food supply is not a 
limiting factor with the vast majority of potential and real pest insects. We have experienced 
during the last 100 years instances where insects have been unintentionally imported without 
their parasites, pathogens, and predators. And we have observed what happens when we kill off 
the predators and parasites of potential pest insects with insecticides. This has instilled in all en-
tomologists without frozen minds a healthy appreciation for the important part that natural 
enemies play in regulating the populations of insects that feed on our crops. Biological control is 
the action of natural enemies in maintaining another organism's population density at a lower 
average level than would occur in their absence (DeBach, 1964). Persons who work in biological 
control study, import, augment, and conserve natural enemies of insect pests. 
But why biological control? What is there about chemical insecticides that keeps them from 
being the perfect tool for pest insect suppression? Let us ignore the supposed hazards of the use 
of chemical insecticides to ourselves, our livestock, wildlife, etc. I am sure you are aware that 
that aspect is controversial. Let us look at areas that are not so controversial. 
First - Chermical insecticides cannot solve an insect problem; you cannot apply an insec-
ticide once and then forget about the insect problem. The use of insecticides is much like the use 
of aspirin for headaches caused by a brain tumor. Aspirin may allow you to live with the brain 
tumor by temporarily alleviating the headaches, but it is not going to cure the problem. 
Likewise, chemical insecticides are palliatives, not cures. How does biological control stack up in 
this regard? The importation of new natural enemies alone on a world basis has resulted in the 
permanent control of more than 120 pest insect species (42 complete, 48 substantial, and 30 
partial) (DeBach, 1971). 
S econd - The use of chemical insecticides selects for resistance in the target pest popula-
tion. We have many examples of pest insects becoming resistant to insecticides (National 
Academy of Sciences, 1969). The worst example that we have is certain mosquito populations in 
California, which have become resistant to every chemical insecticide that is available to be used 
against them.4 
Third - Chemical insecticides are harmful to natural enemies of the target pest insect and 
natural enemies of nontarget potential pest insects, which can lead to pest resurgence and (or) 
replacement. We likewise have many examples of this (Newsom, 1967; Smith and van den Bosch, 
1967 ). Some of our worst examples of this third disadvantage have occurred in the annual crop, 
cotton (Doutt and Smith, 1971). 
Fourth - The use of chemical insecticides to control insect pests is quite expensive when 
compared with some of the alternatives. For instance, a 1970 estimate is that, for every dollar 
you invest in chemical insecticides, you get about a $5.00 return. With biological control, the re-
turn has been at least $30.00 for each dollar invested (DeBach, 1970), and host-plant resistance 
programs give an average return of $300 for every dollar invested.5 
There are some disadvantages to biological control, too. 
First - Usually a very extensive and time-consuming research program must be carried out 
in this country and often in foreign countries. 
Second - Even when a very effective natural enemy is found, it takes time for the natural 
enemy to increase to the poin.t where it solves the problem. 
Third - There may well be some insect pests that can never be adequately controlled by 
natural enemies, but I believe that our biggest folly would be to stop trying. 
Let us now look at biological control successes in annual cropping systems outside the 
Midwest. 
1. The taro leafhopper, Tarophagus proserpina (Kirk ), on taro in Hawaii and Guam by the 
predator Cyrtorhinus fulvus Knight (Sweetman, 1958). 
2. The imported cabbage-worm, Pieris rapae (L.) on cruciferous crops in Australia, New 
Zealand, and Tasmania by the parasites Pteromalus puparium (L.) and Apanteles 
glomeratus (L.) (DeBach, 1964). 
3. The diamondback moth, Plutella maculipennis (Curt. ) on cruciferous crops in Australia, 
New Zealand, and Tasmania by the parasite Angitia cerophaga (Grav.) (Ibid.). 
4R. van den Bosch, personal communication. 1974. 
5W. D. Guthrie, personal communication. 1974. 
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4. The asiatic rice borer, Chilo suppressalis (Wlk. ), on rice in Hawaii by the parasites 
Trichogrammajaponicum Ashm., Amyosoma chilonis, and Dioctes chilonis Cush. (Ibid.). 
5. The greenhouse whitefly, Trialeurodes uaporariorum (Westw.) on tomatoes in Australia 
by the parasite, Encarsia formosa Gah. (Ibid.). 
6. The cotton white scale, Pinnaspis minor (Mask.), on cotton by a complex of predators 
and parasites in Peru (Ibid. ) 
7. The cabbage aphid, Breuicoryne brassicae (L. ), in Australia by a parasite (Ibid.). 
8. The Philippine lady beetle, Epilachna philippinensis (Dke. ), on various solanaceous 
vegetables by the parasite Pediobius epilachnae (Roh. ) in Guam (Ibid. ). 
9. At least nine sugarcane pests in Hawaii, Peru, mainland U. S., and Puerto Rico by 
parasites and predators. Sugarcane is grown as a biannual crop in Hawaii and as an 
annual in mainland U.S. (Sweetman, 1958; DeBach, 1964). 
10. The European wheat steam sawfly , Cephus pygmaeus (L. ), in Canada on wheat by the 
parasites Collyria calcitrator (Grav. ) and Pleurotropis benefica Gah. (DeBach, 1964). 
11. The green tomato bug, Nezara uiridula (L. ), on vegetables in Australia by the parasite 
Microphanurus basalis (Wol l.) (Ibid.). 
12. A chrysomelid beetle, Cassida uittata de Vuil. In Italy on sugar beets by the parasite 
Tetrastichus bruzzonis Cwfd. (Sweetman, 1958). 
13. A leaf miner, Bedellia orchilella Walsm., on sweet potato in Hawaii by the parasite 
Apanteles bedelliae Vier. (DeBach, 1964). 
14. The pea moth, Laspeyresia nigricana (Steph.), on vegetables in British Columbia by the 
parasites Ascogaster quadridentata Wesm. and Glypta haesitator Grav. (Ibid.). 
15. The melon fly , Dacus cucurbitae Coq., on melons, cucumbers, and squash by the parasite 
Opius fletcheri Silv. in Hawaii (Ibid.). 
The above are classical biological control cases in which some degree of permanent control 
resulted; the following are instances in which parasites or pathogens were used in a manner 
similar to chemicals, in order words, in a repetitive manner: 
1. The tomato fruitworm, Heliothis zea (Boddie), in California by periodic mass releases of 
a native Trichogrammaspecies.6 
2. The cotton bollworm, H. zea, on cotton, corn, and grain sorghum and the tobacco 
bud worm, Heliothis uirescens (Fab.), on cotton by a nuclear polyhedrosis virus (Ignoffo et 
al., 1965). 
3. The European cabbageworm, Pieris brassicae (L. ), in France and England with a 
granulosis virus (Franz, 1961 ). 
4. The cabbage pests, Trichoplusia ni (Hubner) and Pieris rapae (L.), in the U. S., Canada, 
and New Zealand by bacteria and viruses (Stairs, 1971). 
5. The cotton leafworm, Prodenia litura (Fab.) in Egypt on several annual crops by a 
polyhedrosis virus (Ibid.). 
Now, how about biological control in annual cropping systems in the Midwest? 
1. The European corn borer, Ostrinia nubilalis (Hubner ). Twenty some years ago, the corn 
borer problem was approximately four times greater than it is today. Dr. Tom 
Brindley,1 former head of the U. S. D. A. European Corn Borer Laboratory at Ankeny, 
believes that the decline has been most probably due to plant breeding, a complex of in-
troduced natural enemies, and a possibly introduced pathogen, Nosema pyraustae 
(Paillot). It is not pleasant to speculate what the situation would be like now if the 
earlier European corn borer workers had considered chemical insecticides to be the best 
tool they possessed. 
2. Cabbage in Missouri 
A I had planned to discuss Dr. Parker's excellent work in Missouri, but it had already 
been discussed by Dr. Huffaker. 
B. Perhaps the best tools we have to suppress cabbage looper populations are nuclear 
polyhedrosis viruses. Because of the hangups of the EPA concerning viruses, it is 
not legal to sell insect viruses for use on vegetable crops. A number of commercial 
GE. R. Oatman, personal communication. 1971. 
7T. A Brindley, personal communication. 1974. 
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cabbage growers in Missouri and probably elsewhere, however, produce their own 
virus by rearing cabbage loopers and infecting the larvae. The growers grind up the 
infected larvae in water and spray the mixture on cabbage plants as you would a 
chemical. The virus from a few infected larvae applied to an acre of cabbage gives 
them better control at lower cost than they can achieve with chemicals, but with 
none of the problems of chemicals. 
3. Green cloverworm in Iowa 
Some of the most noticeable natural control factors affecting the green cloverworm 
in the midwestern soybean growing areas are insect pathogenic fungi, but since we are 
talking today about biological control rathern than natural control, I won't discuss 
them. 
A group of us at Iowa State compared the effectiveness of a bacterium and a virus 
with that of chemical insecticides in the suppression of ·green cloverworm populations 
on soybean. 
We found no significant difference in the degree of population reduction resulting 
from the bacterium, Bacillus thuringiensis, and carbaryl, which is perhaps the most ef-
fective insecticide against the green cloverworm at present. Beginning the 5th or 6th 
day after treatment, we found no significant differences between the virus and five or 
six chemical insecticides (Beegle et al., 1973). 
Why haven't there been more successes in biological control of insects in annual cropping 
systems? 
The first thing that comes to mind is the discontinuity of annual cropping systems, especial-
ly here in the Midwest. But phytoph~ insects seem farily well adapted to existing on annual 
crops, and there is no inherent reason that natural enemies of phytophagous insects cannot exist 
under the same conditions. Indeed, as I mentioned earlier, we have a lot of evidence that natural 
enemies of actual and potential insect pests are right now doing us a tremendous amount of good. 
And we must face the possibility that, in the future, an insect that feeds on corn or soybeans may 
be unintentionally imported into the Midwest from another area of the world, without its natural 
enemies. In the past, these have been some of our worst insect problems, and it is in precisely 
such situations that biological control offers the most promise; it can even be said that, in those 
situations, biological control is our best weapon. 
In a lot of ways, the question of biological control in annual cropping systems in areas such 
as the Midwest is analogous to the question of biological control in continental land masses and 
in areas of temperate climate. In the past, some people have believed that biological control suc-
cesses were largely limited to islands and areas of mild climate. DeBach (1971) has recently 
analyzed where the most successes have occurred in biological control, and he found no correla-
tion between climate or location and successes in biological control. Instead, he found a correla-
tion between the amount of research effort expended by an area and the number of biological 
control successes enjoyed by that particular area. DeBach's conclusion is that, over time, the 
number of successes attained will be proportional to the amount of research and importation 
work carried out. Hawaii, California, and Canada lead in the number of biological control suc-
cesses· primarily because they have put the most effort into their biological control programs. 
I would like to leave you with one thought. We have been, as a species, cultivating plants for 
about 12,000 years. We have been using insecticides in general for about 100 years; synthetic 
chemical insecticides, for about 30. Think of the problems we have created in the last 100 years 
with insecticides. With this in mind, can we really expect to rely chiefly on them for the next 
10,000 years or however long you expect us to last as a species? 
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AN EVALUATION OF MODELING, SYSTEMS ANALYSIS 
AND OPERATIONS RESEARCH IN DEFINING 
AGRICULTURAL RESEARCH NEEDS AND PRIORITIES 
IN PEST MANAGEMENT. 1 
Don W. DeMichele2-
ABSTRACT. This paper presents an overview of modeling and systems analysis in pest manage-
ment. To show how modeling and systems analysis can be used to help achieve the objectives of 
pest management, models and their implementation in biologic and agronomic research are 
described. The concepts of a system are presented with specific examples of agronomic systems. 
Examples of the modeling activities and systems studies in the cotton-pest management program 
in Texas are described, including implementation of these studies in the decision process of the 
cotton producer. Some abuses of modeling and systems studies are also described. Finally, a short 
description of the administrative structure that provides the means of fostering this new in-
terdisciplinary activity is given. 
The paper attempts to show that several important returns can accrue from developing 
models of agricultural production systems and employing systems studies. The most important 
are as follows: 
1. Models and studies providing insight into the system. 
2. Models that can be used to screen experiments and to evaluate proposed policies for in-
creased production. 
3. Models and systems studies that can be utilized to develop optimal policies for maximum 
productivity. 
4. Modeling activity providing a way to coordinate research activities. 
INTRODUCTION 
The rapid increase in world affluence (as well as world population) coupled with the impact 
of energy and mineral shortages is creating a world food and fiber shortage. The United States is 
exporting an ever-increasing percentage of its agricultural production in response to its balance 
of payments deficit and the increased world demand. Within a period of two years the food situa-
1This publication was supported in whole or in part by the National Science Foundation and the En-
vironmental Protection Agency, through a grant (NSF GB-34 718) to the University of California 
and a cooperative agreement (No. 12-14-100-11,194 (33)) with the Agriculture Research Service, 
U.S. Department of Agriculture. The findings, opinions and recommendations expressed herein are 
those of the author and not necessarily those of the University of California, the National Science 
Foundation, or the Environ mental Protection Agency. 
2Assistant Professor, Department of Industrial Engineering, Biosystems Research Group, Texas 
A&M University, College Station, Texas 77840. 
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tion in the United States has switched from one plagued by excessive production, surpluses, price 
supports and artificial production limits to one of shortages, rapid price increases, and demands 
for increased productivity. Food and fiber production using current agronomic methods is limited 
by the availability of land, water, energy, and manpower. Furthermore, the new public awareness 
of the impact of pesticides and fertilizers on the environment places additional constraints on 
production increases by means of conventional agronomic practices. 
The relatively short period of time in which the demand for agricultural products has over-
taken the production of agricultural products emphasizes the need for rapid increases in produc-
tion levels. The production constraints of limited manpower, land, and water require that ways be 
found to increase yields, reduce energy requirements, develop natural insect control strategies, 
and coordinate production efforts. These improvements will be found through biologic and 
agronomic research. However, traditional agricultural research is paced by the seasonal time 
periods and harassed by the variability of the natural elements. Significant research 
breakthroughs hampered by these factors often require decades to develop. This dilemma has 
prompted the national research funding agencies to look for ways to compress the characteristic 
research time and bring to bear more powerful methods of analysis and planning. This change in 
policy has stimulated the agriculture research community to examine the possible use of systems 
analysis, mathematical modeling, and operations research as a means of accelerating research. 
In general the agriculturalist has not been trained in the use of these analytical tools; therefore, 
interdisciplinary programs are being established in cooperation with engineering, mathematics, 
and various disciplines within the physical sciences where these tools have been developed and 
successfully utilized. 
Serious applications of these techniques to problems in agriculture were pioneered by De Wit 
at Wageningen, Duncan at the Universities of Kentucky and Florida, and Stapleton at the 
University of Arizona. Their initial work attracted other scientists, and modeling groups have 
now been formed at several other universities and agricultural research centers throughout the 
world. Three years after a program was initiated at Texas A&M University, the program had 
grown so rapidly that the Bio-systems Research Group was established to expand and implement 
these ideas in the research activities of the College of Agriculture. 
BASIC OBJECTIVES IN PEST MANAGEMENT 
One of the major agricultural areas where systems analysis and modeling are being used is 
cotton-pest management. Pest management has the following two fundamental objectives: 
1. To develop the capability to predict pest-population levels and their economic impact on 
crops to provide the producer with better information for more prudent and effective use of 
pesticides. 
2. To develop new methods of natural control. 
To.show how modeling and systems analysis can be used to help achieve these two objectives, 
models and their development in biology and agronomy will be described. The concepts of a 
system will be presented with some specific examples of agronomic systems. The impact of models 
and systems studies on the cotton-pest management program will be discussed including the de-
cision problem of the producer. Some abuses of modeling and systems studies will be described. 
Finally, a short description of the administrative structure that provides the means of fostering 
this new interdisciplinary activity will be given. 
MODELS IN BIOLOGY AND AGRICULTURE 
A model is a working analogy, which here means similarity of properties or relations with or 
without identity. When we can construct analogous systems, measurements or other observa-
tions made on one of these systems may be used to predict the reaction of the other. 
Initially, a model is a qualitative description of the rules and physical laws that govern the 
system. Quantitative or mathematical models are essentially a translation of the ve.rbal descrip-
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·-tion into a set of mathematical statements. The solution of these mathematical equations con-
stitutes an analogous response. 
The basic approaches to modeling can generally be broken into two categories, modeling 
from observed responses and modeling from fundamental concepts. Often, complex models utilize 
both methods. 
Best Fit Models 
Modeling from observed responses can be loosely called the best-fit modeling approach. In 
this procedure field data are taken and multidimensional response surface is developed through 
high speed "trial and error" to fit the observed data. If we could measure all the significant fac-
tors that affect the agroecosystem and record the responses of the system to all combinations of 
these factors for all phases of growth and development, we could probably predict the response of 
the system. As the size of computers grows and the collection of data is automated, some modelers 
are using this approach more and more in an effort to produce a model that may be "useful." One 
basic difficulty with this approach is that the field experimenter invariably did not measure all 
the significant factors. This approach is also limited to some extent by the large number of possi-
ble combinations of environmental conditions. However, its fundamental limitation is that we 
learn nothing new from this approach; that is, we only recall what has been measured. 
Biophysical Models 
The second approach to modeling biological systems could be called the biophysical modeling 
approach. Here we assume that everything observed in a complex agrosystem can be described as 
based on a few basic biophysical postulates or laws. If living systems obey the same laws that 
other physical systems appear to obey, we should be able to formulate models of living systems, 
using biophysical rules. This approach requires a search for mechanisms that could possibly ac-
count for what is observed. Biophysical laws, theories, and hypotheses are assembled and cast in-
to an appropriate mathematical form for each subsystem of the agrosystem to be modeled. Models 
of this form are characterized by three distinct parts: (1) the environmental input variables, (2) 
the fundamental constants of the system, and (3) the mathematical form of the equations. For a 
specific genotype the fundamental constants are treated as short-term constants for all possible 
environmental inputs. \Vhen the environmental values are changed, the response of the model 
changes because the solution poin~ of the mathematical equations change. The fundamental con-
stants serve to identify the system being modeled. 
Suppose a cotton leaf is to be modeled, in which process the biophysical approach is used. The 
environmental input data would be sunlight, wind, humidity, etc. The fundamental constants 
would include leaf size, enzyme levels, chloroplast density, and reaction rate constants for the 
various biological processes occurring within the leaf. If the concepts are correct and the 
constants have been measured properly, the model should be able to predict the range of possible 
responses of a cotton leaf at a given stage of development for all reasonable environmental condi-
tions. With a high humidity and low wind speed, equations of the model will yield one solution; 
whereas, for a low humidity and wind speed another solution will be obtained. At another stage of 
development the cotton-leaf model will have another set of fundamental constants because of 
physiological differences between leaves at different ages. The result will be a different solution, 
even for the same environmental conditions. The difficulties existing in this approach are ob-
vious. Hypotheses, theories, or established laws are often nonexistent. Sometimes the fundamen-
tal constants will not have been measured and may not be measurable except indirectly through 
the model itself. As the system becomes more and more complex, these models become unwieldy. 
Figure 1 shows how the two approaches differ in their use of data and other information. 
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Photosynthesis Model 
We will now explore some simple examples of the two approaches. A typical photosynthetic 
response from a C-3 plant for various values of light intensity is shown in Figure 2. Developing a 
model based upon observed responses (best-fit approach) simply requires identifying a function 
whose shape is similar to the experimental data. Several possible forms are acceptable. For exam-
ple, an exponential curve might be chosen leading to the equation for net photosynthesis of the 
form 
NP = J3 - y exp (a I) 
Another curve that fits nicely is a rectangular hyperbola. 
Np= al/ (J3 + D - y 
( 1) 
(2) 
where NP is the net photosynthesis; I is the light intensity; and a, J3, and y are undefined fitting 
parameters whose values would be adjusted to give a best fit in some sense. Either equation could 
be considered a best-fit model of photosynthesis. A biophysical model on the other hand might be 
generated using the following arguments. The accepted theory of photosynthesis is based upon 
the argument that photosynthesis is a chemical reaction whose basic ingredients are light and 
carbon dioxide. Since this is a biochemical reaction, it is enzymatically controlled. Furthermore, 
the respiration of all living things is known to liberate CO z These arguments lead to the follow-
ing biochemical equations: 
K1 
co2 + E :\ ~ cot 
cot + 1->(CHp) N + E:-; 
K? 
J3 + 02~ -co2 +Hp 
(3) 
(4) 
(5) 
Converting these chemical equations to their equivalent mathematical form results in the 
following equation: 
N = p 
(I+ KlC02µ. ) 
K 1 + C02 µ. 
(6) 
The general form of equation (6) based upon concepts is identical to equation (2) based upon ob-
served responses. Either equation seems to predict equally well the effect of light on the net 
photosynthetic rate. However, inspection of equation (6) shows that the photosynthetic rate is not 
only a function of light but also a function of co2 (the carbon dioxide level), E N (the enzyme con-
centration), and K 1 (the enzyme reaction rate constants). There are still undetermined 
parameters (a , J3, andµ.) in equation (6). These values must be measured or specified to give the 
equation proper magnitude, but information gained by the conceptual approach also gives some 
insight into the way in which carbon dioxide, light, and protein control photosynthesis. This 
model can be extended by noting that the reaction rate constants K 1 and K 2 are strong functions 
of temperature. The functional form, based upon the theory of catalytic reactions, is 
K 1 = yexp( - o / KT) (7) 
where y and o are constants, K is the Boltzmann constant, and Tis the absolute temperature. By 
use of this information, equation (6) becomes 
N = rexp ( -o / KT)C02aE N]r /r1 + >..C02exp ( -o / KT) J 
P L>.. exp ( - o I KT) + CO 2 µ. / L y exp ( - o J KT) + CO 2 µ. 
(8) 
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Figure 2. A model of photosynthesis versus light intensity . 
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The model of photosynthesis developed above predicts the effects of light, carbon dioxide, enzyme 
concentrations, and temperature. This example demonstrates the utility of the biophysical con-
ceptual approach to modeling. 
It is often argued that the primary purpose of developing models and conducting computer 
simulations is to predict the response of a complex system. It is then argued that how this is ac-
complished does not matter, only that it work. Models developed by either method should predict 
responses that are observed; however, the ability to predict should not be the only goal. Also im-
portant to the researcher is an understanding of what physical processes cause the observed 
responses. This new insight can be used to suggest changes in agronomic practices and genetic 
modifications, which should make the responses more favorable . 
In summary, although modeling from observed responses has several limitations, it is an im-
portant approach because these models are generally the precursors of conceptual models. 
Furthermore, some subsystems may not be understood well enough to develop conceptual models; 
and simulations based upon observations may be used to fill the gap until a suitable conceptual 
model can be developed. Our ultimate goal should be biophysical models that can predict not only 
what we have observed in the past but also what untried modifications might yield. 
SYSTEMS IN CROP PRODUCTION 
A system is an assemblage of objects united by some form of regular interaction or in-
terdependence. It is an identifiable portion of the real world about which we can construct a boun-
dary. Through this boundary we monitor or control all inputs and outputs. Systems are composed 
invariably of subsystems that are generally linked together by continuity requirements, such as 
mass conservation, energy conservation, and force balances. A description of a system or sub-
system is called a model. 
Agrosystems 
The typical agrosystem is controlled primarily by the driving force of the environment and 
the agronomic practices.of the producer. The components of the system are either or both the crop 
and animal population as well as tpe pest, the beneficial organisms, and the producer. The impor-
tant weather factors are sunlight, humidity, air temperature, wind speed, rainfall, and 
photoperiod. Of these six factors only the photoperiod can be predicted consistently with reliable 
accuracy. In addition to the variation of inherited characteristics of individuals of the crop and 
animal populations, variations occur in the individual microclimate, nutrient supply, pest 
densities, and agricultural practices within the field. It is not difficult to identify areas where the 
effects of the environment on growth, development, reproduction, disease resistance, and yield 
are not understood. Most of these effects have been measured only for certain specified conditions; 
outside these specified conditions the responses are essentially unknown. 
It is generally accepted random events do not occur, other than, perhaps, at the level of in-
dividual nucleons and electrons. The apparent randomness observed in agrosystems stems from a 
lack of detailed knowledge about the mechanics of the system. If we know nothing about a 
system, the expected response must be treated as completely random, with every outcome equally 
likely. As we begin to acquire data and develop theories, the outcomes, although still random, are 
not equally likely. A nonuniform distribution function then describes the likelihood of an out-
come. A system whose outcome is predictable is one where all mechanisms and inputs to the 
system are known. The distribution function becomes a delta function where the probability of all 
but one of the outcomes is rero. Figure 3 shows the process of outcome predictability modifica-
tions that occur as we gain more and more information about a system. Thus, until much more is 
known, the agrosystem must be viewed as a stochastic or random system and the response to any 
specified agronomic or pest management practice should be treated as a random variable. 
Models, particularly biophysical models, sharpen the distribution thereby improving the ac-
curacy of forecasts. 
604 DeMICHELE: EVALUATIONS IN DEFINING 
RESEARCH NEEDS AND PRIORITIES 
Figure 3. The outcome distribution of stochastic systems. 
Probability of 
an outcome x 
0 all possible x 
3a. The distribution function of a system 
where nothing is known. 
Probability of 
an outcome x 
0 all possible x 
3b. The distribution function of a system 
where some things are known. 
Probability of 
an outcome x 
0 all possible x 
3c. The distribution function of a system 
where most things are known. 
INTEGRATED PLANT PEST MANAGEMENT SYSTEMS 
LI Giff 
Figure 4. Schema of a plant system. 
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Figure 5. Schema of a cotton ecosystem. 
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Plant System 
The first example of a specific agrosystem is the plant system (Figure 4) developed at Texas 
A&M University. A model of the leaf has been completed. Work on the root and translocation 
system is now being conducted. From the schema we see that a plant is a sophisticated chemical 
factory characterized by the intake of raw materials and energy and the production of usable pro-
ducts. A plant has the ability to control production, transport its products, produce additional 
energy, maintain an acceptable environment, convert part of its productivity into additional 
structure, as well as repair and maintain its structure. The metabolic control system of the plant 
can be compared with a management system of a chemical factory. In most cases this manage-
ment is very conservative because the basic evolutionary objective is to survive-not to produce 
matter for man's consumption. As we take more and more responsibility for plants' survival 
through various agronomic practices, we must find ways to liberalize the plants' productivity 
constraints. Proper manipulation of the metabolic control system may be a way to induce addi-
tional productivity. 
Cotton Ecosystem 
Figure 5 shows an example of another agricultural system that we are now modeling-the 
cotton agrosystem. This system is composed of several subsystems, which include local plant en-
vironment, plant growth, plant structure, and fruit-setting characteristics. Coupled with the 
plant system and its local environment are the insect, parasite, and predator systems. The sub-
systems in the diagram are connected by lines which represent the various interactions that oc-
cur among the elements of the system. Solid lines represent those interactions that are 
reasonably well understood and for which models have been developed. The plant local environ-
mental model, for example, has been developed by Lemon and Stewart (1969). Given the general 
environment surrounding the whole crop, Lemon's model (SPAM) allows us to predict the local 
environment in the vicinity of any given plant. The plant model itself can be broken into several 
parts. The first part is the general plant-growth model (LEAF) developed by DeMichele and 
Sharpe (1973) and Sharpe and DiMichele (in press). This model, given the local plant environ-
ment via Lemon's model, predicts the rate of photosynthesis, the rate of water usage, and the local 
environment of the leaf. Growth, location, and abscission of squares on the fruiting branches are 
predicted by SIMCOT, a cotton-model computer code developed by Baker and Hesketh (1970) at 
Mississippi State. The Biosystems Research Group is currently in the process of coupling LEAF 
andSIMCOT. 
The dotted lines indicate interactions that are not yet understood and where additional ex-
periments and theories are needed. As shown in Figure 5, many of the interrelationships of the 
pests on cotton are relatively unknown. One area of particular interest is the plant-insect in-
terface. The work to date has shown that the insect cannot be adequately modeled without con-
currently modeling the plant. The plant regulates the insect's temperature, food supply, and 
reproduction sites, thereby regulating its developmental rate and fecundity . Two aspects of the 
plant-insect interface model are described below. 
Models of Plant-Insect Interaction 
Table I lists the various modeling activities and related research in cotton-pest management 
now underway at Texas A&M University. Two insects are being investigated-the fleahopper 
(an early season pest) and the boll weevil. As the models are being developed, laboratory and field 
experiments are being conducted to provide input data as well as data fo.r validation, 
The plant and insect interact in many ways. The plant controls the boll weevil's reproduction 
sites, its diet, and its thermal environment. The importance of the plant on the reproduction rate 
of the weevil can be best seen in Figures 6 and 7. By use of basic data concerning fecundity and 
development rates, a simulation of the F 1 generation was run, ignoring the state of the plant in 
terms of the square size and density. Then, the same simulation was run but with the additional 
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input of the basic squaring data to limit the reproduction rate. Comparisons are shown for two 
different years. In both cases the squaring pattern has a significant impact on the reproduction 
rate and thus the population density. 
Table 1. 
Organism 
Cotton 
Fleahopper 
Boll weevil 
Field Life 
Tables 
Relationship of modeling and experimental activities 
Modeling Activities Experimental Activities 
Plant growth Field studies, Edwards Plateau 
and College Station 
Plant environment Field and laboratory studies, 
Brazos Bottom 
Development 
Fecundity 
Diet 
Mortality 
Migration 
Laboratory validation 
Field validation 
Development 
Fecundity 
Mortality 
Pheromone interactions 
Migration 
Diet 
Field validation 
Constant temperature studies 
Constant temperature studies 
Comparison of cotton and croton 
Effect of temperature 
Field counts on various host 
plants 
Variable temperatures 
Huntsville prison farm 
Data of Isely and Cole 
Proposal in preparation 
a. Field studies in larval 
parasitism 
b. Laboratory studies measuring 
rate of square drying 
c. Field studies measuring 
square temperatures 
Field testing of predictions of 
pheromone drift computer code 
Experiments being planned 
Field measurements of percent 
age nitrogen of squares 
and both as a 
function of size, age, 
and environment 
Edwards Plateau 
The cotton square is not only the basic food source for the adult weevil-it is also the site for 
egg development and serves as a food reservoir for the preadult weevil. Obviously the square 
must reach a certain size before it contains enough biomass to support the preadult until 
emergence. The amount of biomass available to the preadult weevil is also determined by the rate 
at which the square dries during development of the weevil. If the drying rate is high, the larvae 
may run out of suitable food before pupation, and, therefore, cease to develop, suffering a pre-
mature death. To investigate this aspect, which may be important to natural control practices, a 
square-drying model was developed. The basic assumptions of the model were as follows: 
1. The square shape could be approximated by an ellipsoid of revolution. 
2. The square dries from the outside inward. 
3. The dry square material is homogeneous in its diffusion properties. 
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Figure 8 shows the comparison of the model and some preliminary laboratory data for three 
squares of different sizes. It can be seen that the model predicts quite well the rate at which water 
is lost from the square. If we assume that the amount of viable biomass remaining in the square 
is proportional to the remaining water content, it should be possible to predict if the weevil will 
reach maturity and emerge under various environmental conditions within the crop. A set of 
simulations were run by use of the square drying model to see if square drying might be critical 
to preadult survival. Figure 9 shows the amount of viable biomass remaining after 17 days dur-
ing which time the drying was assumed to be significant only during the 12-hour daylight period. 
A period of 17 days was chosen because approximately 1 7 days are required for the weevil to 
reach pupation. Cases approximating a hot, dry climate; a cold, wet climate; a hot, wet climate; 
and a shaded square versus an exposed square are shown. We do not know at this time how much 
viable mass is required to support the preadult weevil until emergence, but if we were to assume 
that 0.13 gm is required, it can be seen from Figure 9 that in many cases the preadult weevil 
could not survive. 
THE IMPACT OF MODELING ON 
PEST MANAGEMENT RESEARCH AND 
PRODUCER ACTIVITIES 
A pertinent question often asked concerns how the producer can use agrosystem models. 
There are speculations that we may soon see automated, computer-controlled farm practices (an 
l.B.M. terminal in every barn). However, more likely the extension service will continue to be the 
main channel of information between the farmer and the university research activities. Figure 
10 shows the probable route of information flow between the computer and the producer. 
Modeling and systems analysis in pest management are being utilized in cotton pest 
management for two purposes, namely: 
1. To structure a forecasting network for pest population and damage 
2. To act as a focal point for insect and plant research applicable to pest management. 
To see what kinds of models are needed for a forecasting network, the decision process facing 
the producer must be explored. 
The Decision Process of the Producer 
Most decision processes that require detailed analysis are characterized by a sequence of de-
cisions and chance occurrences. That is, for a given decision, a whole set of outcomes is possible. 
After realizing a specific outcome, the decision maker will be faced with new decisions, which are 
determined by his initial decision and by the outcome of his initial decision. A second decision is 
made and again chance becomes a dominant factor in the resulting outcome. 
The decision problems confronting the cotton producer, for example, can be schematically 
represented by a decision tree. Figure 11 shows a hypothetical decision tree outlining alternative 
pesticide application policies. Two types of branch nodes are shown in this diagram. The square 
nodes represent points where decisions are made; the circular nodes represent the outcome of 
chance. Due to our lack of basic scientific knowledge, we must regard a specific outcome or 
response of the agrosystem as a random variable. That is, the best we can hope for is a prediction 
of the odds that a certain response will occur. In the example shown in Figure 11, the producer in-
itially makes a decision whether to use pesticide or not at node #1. If he chooses not to treat at all 
during the season, then he will be subject to chance C 4 and can expect to get a return of R 7 or Rir 
The chance values of C 1 must be determined by some type of plant-insect, eco-system production 
model. If the producer decides to apply a pesticide, he must decide when and how much. If he de-
cides on an initial application, he is subject to a probability C, of infestation and if infestation 
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Figure 6. Walker's 1968 College Station boll weevil field population data and simulation re-
sults for models without a plant interface and with plant interface. 
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Figure 7. Walker's 1965 College Station boll weevil field population data and simulation re-
sults for models without a plant interface and with plant interface. 
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Figure 8. A simulation of cotton drying after abscission from the plant and data from 
laboratory experiments. 
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Figure 9. A simulation of the total biomass remaining after drying 17 days under various en-
vironmental conditions. 
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Figure 11. Typical decision tree outlining a decision sequency that a producer may face in pest 
management. 
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follows, he must make decision #2 and so forth. At the tip of each branch is a payoff or return, R 1, 
representing some utility to the producer. The values of R1 are determined by the individual pro-
ducer's own value system. The objective of the decision analysis i to determine the best strategy 
for each p ssible set of chance outcomes. The relative value of any decision is determined by the 
individual producer's own value system. The objective of the decision analysis is to determine the 
best strategy for each possible set of chance outcomes. The relative value of any decision is de-
termined by the producer's utility with respect to all possible returns. It is well known that most 
people are risk adverse; therefore, people making decisions require a knowledge of not only the 
expected value of the return for any sequence of decisions but also the variance of the possible 
outcomes. A producer may be reluctant to follow a course of action that has a high expected re-
turn and also a possibility of a significant loss. Therefore, the models needed to aid a decision 
maker mu t yield not only an expected outcome, but also the probability distribution of all possi-
ble outcomes. The "optimal" decision sequence that we are seeking is based in part on the 
response of the model, and in part on the utility of the producer. 
The Impact of Models and Systems Analysis 
on the Research Program 
A major return from the use of biophysical modeling in research can be seen by considering 
the activities associated with modeling. An activity schedule that acts as a general guide for the 
modeling team is shown in Table 2. It is so often assumed that the primary purpose of a model is 
to provide a means of prediction, and that it will be of little benefit until the final model has been 
developed and verified. In the activity schedule various phases of model development are listed 
and some of the observed spinoffs from each phase are given. Obviously, continual returns are ob-
tained during each phase simply from the performance of the modeling activity. 
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Table 2. Activity schedule for modeling effort at Texas A&M University. 
Activities 
1. Identification of basic objectives 
2. Accumulation of all relevant biological, 
physiological, and behavioral hypotheses 
and concepts applicable to the cotton 
ecosystem 
3. Development of a consistent mathematical 
model expressing quantitatively the 
system hypotheses noted above 
4. Identification of areas where information, 
concepts, and hypotheses are lacking 
5. Develop computerized solution to the 
mathematical model 
6. Verification and/or modification of the 
model 
7. Parametric analysis 
8. Economic optimization 
Spino ff 
a. Forces a definition of a consistent overall 
policy 
b. Identifies constraints of the system 
a. Familiarizes entomologists, biologists, and 
systems analysts with all parts of the 
system, thereby widening their horizons 
b. Establishes communication between the 
various disciplines 
c. Identification of fundamental constraints 
of the system 
a . Forces critical analysis of existing 
hypotheses particularly as they relate to 
the overall system 
b. Provides a means of sorting and identify-
ing inconsistent hypotheses (i.e. those 
which appear to be valid until forced to fit 
with other hypotheses) 
a. Provides a stimulus for relevant experi-
ments 
b. May assist in guiding administration of re-
search resources 
a. Further identification of invalid or in-
consistent concepts 
b. Stimulus for additional ideas 
a. Necessitates communication between ex-
perimentalist and theoretician 
b. Provides insight into the functional 
relationships of the various parts of the 
system 
a Identifies key factors 
b. Tests potential management policies in 
short periods of time 
a. Identifies those management strategies 
which yield positive economic gains 
Additional returns have included establishment of working relationships between dis-
ciplines that would not normally interact, thus providing a wealth of analogies from which to 
draw. Furthermore, the modeling activity has provided a common ground for the theoretician, 
the laboratory experimenter, and the field experimenter. The modeling effort has stimulated the 
flow of information between these groups (Figure 12). Finally, it is providing a means of 
coordinating the research activities of many groups toward a common goal. 
In summary, models have many uses. In addition to the improvement in forecasting the 
response of complex systems, they serve as tools in experimentation and as an extension of the 
scientist's penetrating power in problems of complexity. They are the framework on which the 
bits and pieces of experimental and theoretical results are fitted as the puzzle is being unraveled. 
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ABUSES OF MODELING AND 
SYSTEMS ANALYSIS IN 
BIOLOGY AND AGRICULTURE 
Living systems cannot be treated as deterministic, and the randomness has a significant im-
pact on the decisions that must be made. Using deterministic models as decision tools for the 
stochastic agrosystems is one way in which models are being abused. Other abuses are also 
present. For example, often the typical approach to modeling a population is simply to model the 
responses of an average individual, multiply that response by the population density, and charac-
terize that number as the population response. In general this is not only scientifically incorrect, 
it is also mathematically false. Further abuses arise from the desire to simplify the system model 
such that only a few obvious input parameters are needed. Simplification is made a priori, guided 
by what is mathematically tractable or convenient rather than by what is scientifically correct. 
Finally, some modeling activities are directed at developing a simple, few-parameter model to 
predict the response of a complex, multi-parameter, unpredictable system. The tragedy of the 
situation i that many of the models currently being developed for pest management are being 
evaluated by their ability to accomplish this essentially impossible task. Modelers are well aware 
that given enough undetermined factors (fudge factors ) any set of data can be simulated. 
Research administrators are often not aware of this and sometimes appear to believe that 
somehow the employment of sophisticated mathematical techniques and high-speed computers 
can circumvent the basic lack of knowledge about the details of the agrosystem. Involved 
mathematical manipulations and high-speed computational methods cannot produce basic 
knowledge, although these tools can help the researcher to understand better the implications of 
what is already known and indicate important areas where not enough is known. 
ADMINISTRATION OF THE 
INTERDISCIPLINARY ACTIVITIES 
A significant effort is now being made at Texas A&M University to develop 
multidisciplinary groups crossing college boundaries to work on many of the problems of biology, 
ecology, agriculture, and pest management. The center of this effort is the Biosystems Research 
Group. The group is made up of faculty, staff, and students from the College of Engineering, 
funded through grants from the College of Agriculture. Faculty and students from several de-
partments within the College of Agriculture have joined with the Biosystems Research Group to 
form various modeling teams. The nonbiological disciplines include classical physics, 
mathematics, engineering, operations research, and computer science. 
The basic objectives of the program are to develop coherent research activities in agriculture 
by working with experimentalists and theoreticians to develop models of various bioagrosystems. 
With these models better theories can be developed and more comprehensive experiments 
planned and conducted. Graduate students from Agriculture and Engineering are working 
together in small teams, teaching each other various aspects of their disciplines as they develop 
submodels and plan experiments for model verification. 
In addition to the informal contacts special courses in Operations Research, Systems 
Analysis, and Methods are being either offered or planned for graduate students and interested 
faculty from the College of Agriculture. Emphasis in those special courses is on the general ideas 
and systematic approach to the solution of complex, scientific and production-oriented problems. 
Although some mathematics and computer methods are introduced, developing an expertise in 
these areas is not the primary motive of the students nor the objective of the instructors. 
Figure 13 shows the funding structure and activities of the Biosystem Research Group. It can 
be seen that all of the modeling and research efforts are synergistic. For example, the develop-
ment of plant and soil models is needed not only for plant productivity problems, but also for in-
sect population studies as well as for predicting forage production in cattle production models. 
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Figure 12. Information flow between various disciplines during the modeling activities. 
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SUMMARY 
Several important returns can be gained from developing models of agricultural production 
systems and employing systems studies. Most important are the following: 
1. Models and studies provide insight into the system. 
2. Models can be used to screen experiments and to evaluate proposed policies for increased 
production. 
3. Models and systems studies can be utilized to develop optimal policies for maximum pro-
ductivity. 
4. The modeling activity provides a way to coordinate research activities. 
An ecological system is much too complex for man to comprehend all of its interactions and 
their ramifications. There must be some kind of sorting process that allows one to relate the 
various interactions and their qualitative and quantitative effects with the overall system 
response. The physical sciences, confronted with the design and optimization of large complex 
systems, have developed computer models based upon fundamental physical processes. Because 
these systems are essentially deterministic, the conclusions from these studies are obvious. By 
contrast, the biological sciences, except for isolated instances, are not in such a position because 
either the fundamental processes are not known; or, where they are known, they are not general-
ly incorporated into computer models. The high regard in which models are currently held has 
been established by their judicial use in the physical sciences. If modeling and systems studies 
are to be utilized correctly in the biological sciences, the same rigorous approach must be 
followed. 
We must recognize that complex biological systems are not well enough understood to be 
treated as deterministic. Modeling the responses of complex biological systems is a simulation of 
a stochastic system, and the results must be treated accordingly. In our present state of ignorance 
modeling and systems analysis are important scientific research tools. A research team composed 
of agronomists, entomologists, and engineers can investigate the ramifications of various inputs 
and understand why certain responses occur. The insight gained by the research specialists 
should lead to significant advances in pest management of direct benefit to the producer. 
Ultimately, models will be used as decision tools for the producer in his pest-management 
alternatives. To determine the types of models that will be required for rational decisions in pest 
management, the nature of the decision process has been reviewed. 
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THE ECONOMICS OF PEST MANAGEMENT 
DECISIONS BY INDIVIDUAL GROWERS 
J.C. Headley1 
Pest competition and the methods of dealing with it occupy a pivotal position in modern 
agriculture. Expenditures for farm inputs to check pest competition are sizeable, and effective 
control of pest competition is a necessary part of the bundle of technology currently applied to 
food and fiber production. 
At least three reasons motivate the allocation of resources to the management and control of 
pest competition. First, individual farmers are motivated to try to improve their profits. Second, 
the maintenance of a viable farm sector, in certain regions at least, is important for the economic 
development of the region; and, thirdly, there is a generally agreed-upon need to produce as much 
food and fiber as is economically justified to feed and clothe a hungry and ill-clad world. 
At each of these levels are economic problems associated with resource allocation and income 
distribution resulting from application of technology to agriculture that require solution. As any 
even casual student of economics knows, the problems at all levels are related through a complex 
maze of interdependencies. 
While much of the writing and research in the economics of pest management has dealt with 
the problems at the societal level and with the broad environmental issues surrounding the use 
of chemical compounds for control, examination of the economic problems at the grower level and 
the regional levep is considerably lacking (Carlson and Castle, 1972; Edwards, 1969; Headley and 
Lewis, 1967; Headley, 1968; Smith, 1971.) 
I contend that the problems of dealing with pest competition are system-type problems; 
therefore, it is necessary to understand the significant parts of the system before proposing 
systems-type solutions. It is then important to analyze the nature of the decisions taken by in-
dividual growers to try to find better ways of using existing information and to determine the in-
formation needs for better decisions (Hall and Norgaard, 1973; Carlson, 1970). 
In this paper the decision problems of individual producers will be examined, constrained by 
given institutions to help explain the behavior that represents the beginning of a chain of events 
ultimately leading to a societal or global result. The situation covered will be (1) use of economic-
injury levels under certainty in a static framework, (2) use of economic-injury levels under risk in 
a static framework, and (3) use of dynamic-injury levels under certainty in a dynamic framework. 
USE OF ECONOMIC THRESHOLD 
LEVELS UNDER CERTAINTY IN 
A STATIC FRAMEWORK 
An individual grower who has already applied production inputs, with the exception of pest-
management inputs at optimal levels, will make decisions about the level and timing of pest-
management inputs to protect as much of the expected yield as is economically justified. In such a 
case the economic principle to follow is the "added cost-added return" principle. 
1University of Missouri, Columbia. This paper makes use of much work by C. Robert Taylor, 
"Dynamic Economic Evaluation of Pest Control Strategies," unpubl ished Ph.D. thesis, University 
of Missouri, 1972. 
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Faced with the certainty of losses in expected yield from a single pest species or a complex of 
pest species, the grower will want to apply pest-control inputs in such amounts and at such times 
that the resulting added returns (damages prevented) exceed the added costs. That is, no action 
will be taken unless the expected benefit-cost ratio exceeds l. 
In deciding whether to act or not, the economic injury level (the lowest population level that 
will cause damage valued above the cost of artificial control methods) is critical in the sense of 
the population density that provides a benefit-cost ratio for control activities exceeding 12• Action 
need not be considered until there is evidence that the population is expected to reach the 
economic-injury level. 
Figure 1 will help to illustrate the reasoning in the previous paragraph. In Figure 1 the 
population must reach level P 0 before any damage occurs and P 2 before the $10 control costs can 
be justified. I define P 0 as the economic-injury level or the minimum-size population, which con-
trol is warranted at P; The control method that will reduce the p<_>pulation from P 2 to at least P 0 
will prevent $10 worth of damage. If the population is expected to reach P 3 or P 4 levels, then the 
damages prevented by reducing the population to P 0 will exceed the $10 control costs as shown by 
the benefit-cost ratios in Figure l. 
If, then, the grower has the information shown in Figure 1, his decision is straightforward. 
This is a simple added cost-added-returns problem. 
Value of 
damage 
and 
control 
cost 
(dollars/acre) 
Population 
Damage 
Cost of 
control 
Figure l. Hypothetical relationship between value of damage due to an insect species, species 
population, and the cost of control to reduce population below the economic injury level 
2There is some confusion in use of the terms economic injury level and economic threshold. See Stern 
et al. (1959) for a precise definition of these terms. The term, economic threshold used by Headley 
(1972), maximizes the net benefits of control. Hall and Norgaard ( 1973) used economic threshold in a 
similar way. Both Headley, and Hall and Norgaard, were not using the term as defined by Stern et al. 
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Truly, growers will not have perfect information relating population levels and damage nor 
will they have perfect information about the population level itself. Even if the damage function 
is known, there is the problem of estimating the maximum size the uncontrolled population may 
achieve. Weather conditions may control the population or predators; parasites or disease may 
become variables. 
A better description of the situation is to view each of the population levels in Figure 1 as 
having some discrete probability of occurring and representing all of the possible population 
levels given P0• Therefore, the data in Figure 1 could be presented as follows, given a population 
of P 0• 
Population Level 
p l 
p? 
p~ 
p4 
Probability 
.45 
.30 
.20 
.05 
Damage 
$ 5 
$10 
$20 
$25 
If a grower was faced with these four discrete events, given a population of P 0, he could then 
compute the average expected loss with no control by obtaining the sum of the products of the 
probabilities and the damage for each population level as follows: 
Average Expected Loss = .45 ($5) + .3 ($10) + .20 ($20) + .05 ($25) 
= 2.25 + 3.0 + 4.0 + 1.25 
= $10.50 
Therefore, the average loss over a series of seasons would approach $10.50 per acre. If the 
farmer adopted a control policy when the population reached P 0 at a cost of $10 per acre, the 
average value of damages prevented per season would exceed the control costs per season by an 
average of $0.50 per acre. Use of the control policy as an insurance scheme means that for a $10 
per acre premium an average loss of $10.50 is prevented. Whether the grower is willing to play 
such a game depends upon his attitude toward risk, which is conditioned by his ability to 
withstand the most severe loss events, i.e., his financial reserve situation, the degree of 
diversification in his farming operation (Is the crop in question his principal cash crop?), and his 
basic visceral feeling about taking chances. 3 In 45% of the cases he will lose $5 per acre by con-
trolling. In 30% he will break even; in 25% he will more than double his money. 
To the extent that the size of the damaging population is not known at the time a decision to 
control is made, the concept of an economic-injury level can represent a basis for making an in-
surance-type decision. For most use to growers, the probability of the population exceeding the 
economic-injury level by a certain amount would be most helpful. This idea can be applied to 
weed control decisions, especially for pre-emergent herbicides for control of fungi as well as 
arthropods. 
The above analysis indicates that research is needed on the behavior of populations and on 
the factors influencing their development, including the effects of control measures used to allow 
growers and personnel who advise them to make better decisions in the one-period framework. 
3rhe use of pest cont. ol in this instance not only assures the level of the average income, which here 
is about the same whether the pest is controlled or not. However, the variability of income is 
decreased. By use of pest control, the largest loss from pests is the $10 control cost. Without control 
the loss could be as large as $25. Most persons prefer a stable income to a variable one even though 
the average is the same. 
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PEST CONTROL DECISIONS UNDER CERTAINTY 
IN A DYNAMIC FRAMEWORK 
One phenomenon characterizing pest-control problems is their time relatedness (Taylor, 
1972). Therefore, decisions and the criteria on which they are based are not independent between 
time periods. Pests can develop resistance to control methods, they can exhibit resurgence, or 
secondary pests can develop. To the extent that the population in succeeding decision periods is 
related to activities in previous periods, decisions based on the one-period model will be myopic. 
An example will illustrate. 
Consider a situation where a grower has a choice among three pest control methods. Let 
method A be no control, method Ba combination of biological and chemical control, and method C 
a chemical control. These control methods have one-period costs ·and mortality effects as sum-
marized below. 
Control Percent Costs 
Method Mortality per Acre 
A 0 0 
B 75 $10 
c 90 $30 
The benefits in a given period as related to pest control are taken as $200 minus the number 
of pests remaining after control. The relation can be given by 
B, = 200 - (1 - M ) Y , 
where B, = gross benefits in period t 
M, = mortality rate in period t resulting from control activities in period t 
Y, = pest population prior to control in period t. 
By subtracting the costs of the various methods and computing ( 1 - M) the net benefit relations 
are as follows: 
Method 
A 
B 
c 
Net Benefits 
200 - Y, 
190 - %Y, 
170 - 1/ 10 Y, 
The last piece of information needed is a population function that relates population between 
time periods. Assume that the population after control increases by a factor of three for the next 
period. Therefore 
Y, +1 = 3 (1 - M,) Y, 
where Y, + 1 = the period following period t 
and M, and Y, are defined as before. 
Further suppose that a two-period decision horizon is relevant. In this case the grower will 
wish to maximize the sum of the net benefits in the two periods or 
2 
L <B, - C) = maximum 
t = l 
subject to the three alternative methods. Thus, C, is the control cost in period t . 
In approaching this problem the grower can take two approaches. First, he may choose the 
control method that maximizes B-C in each period as his approximation to the maximum for 
the two periods; or, second, he may trace through the model and evaluate all of the possible 
outcomes and choose that pair of control methods that maximizes the two period net benefits. 
Mathematically, these two approaches appear different. That is, to maximize one period at a 
time the expression would be: 
Net benefits= Max (B 1 - C 1) +Max (B 2 - C ~ 
A,B,C A,B,C 
whereas the second approach results in 
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Net benefits = Max(B 1 - C 1) (B 2 - C~ 
A, B,C 
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The first approach is straightforward. The second involves decomposing the two-period pro-
blem into two one-period problems by finding the optimal decision for the second period as a func-
tion of the population at the beginning of that period. This is the essence of the dynamic progTam-
ming technique for sequential decisions. 4 
The best way to summarize the problem under consideration is with a tree diagram. First, 
assume that the initial population is 100. Given this value, the net benefits for methods A, B, 
and C can be computed as well as the initial populations for period 2. Then the net benefits for 
each method can be computed for each of the three possible outcomes from period 1 and the 
pair of methods that gives the maximum two-period benefits can be found by inspection. This 
information is found in Figure 2. 
Pe riod 1 Period 2 
90 0 ( $0) 
($ 24 0) 
( $ 290) 
($ 32 7. 50 ) 
($ 3 30) 
($327) 
Figure 2. Tree diagram for two-period, pest-control decisions beginning with a population of 
100. 
On inspection of Figure 2, we see that use of the approach of maximizing net benefits one 
period at a time leads to use of method Bin both periods because the net benefits are greatest 
in each period ($165 in period 1 and $171.25 in period 2). However, by maximizing the sum of 
net benefits for the two periods, the grower would choose method C in period 1 and method B 
in period 2 to achieve an increase in the sum of the net benefits of $6.25 ($342.50 - $336.25). 
Therefore, the myopic or one-period-at-a-time strategy is not as good as the strategy of con-
sidering the net benefits over the entire horizon. In general the myopic strategy will never sur-
pass the non-myopic strategy, regardless of the initial population. For low initial populations 
and very high ones in this instance, the two approaches may give the same results, but the 
myopic strategy will never be better, but only as good as the non-myopic strategy .. For in-
stance, if the initial population were 300, the best myopic strategy and the optimal, nonmyopic 
strategy would coincide by use of C in period 1 and B in period 2. 
4A good presentation of the elements of dynamic programming can be found in N emhauser ( 1966). 
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Whereas economic-injury levels are valuable for deciding if a control method is feasible, 
they do not constitute the set of necessary and sufficient conditions for an optimum strategy 
for decision horizons longer than one period. In all cases depicted in Fgiure 1, the returns from 
damages prevented exceeded the cost of the control measures in each period. However, that is 
not enough if more than one alternative is available. 
I do not suggest that economic-injury levels are of no value in pest-management work; 
they are quite important. Economic-injury-level work may need to be related to population 
dynamics and placed in a dynamic, economic-decision framework. Dynamic analysis obviously 
applies particularly to the large-agency-type control programs such as those associated with 
screw worm, grasshopper, gypsy moth, and imported fire ant. 
SUMMARY AND CONCLUSIONS 
This paper has treated problems of individual grower decisions in pest management. It has 
shown that information that allows an added cost-added return analysis to be performed in the 
presence of the probabilities of various states of nature would provide for rational insurance type 
decisions by growers. Economic-injury level information is crucial to these one-period decisions. 
Further, the argument for consideration of time dependencies was made to illustrate the 
value of nonmyopic decision making in choosing between alternative management strategies. 
The major biological reality facing pest management is the dynamics of the problem. Economic 
injury level information, while necessary, is not sufficient for developing multiperiod strategies 
that are optimal from an economic point of view. Much research needs to be done to improve the 
decisions of growers through the bringing together of the biological and economic information 
within a decision-making framework. 
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CONCEPTS, ORGANIZATION, AND FUNDING 
OF INTERDISCIPLINARY RESEARCH 
J.P. Mahlstede1 
In developing the subject of the concepts, organization, and funding of interdisciplinary re-
search, I have found it necessary to define research, to consider the philosophical aspects of the 
process of discovery, and, indeed, to review the history of the development of agricultural re-
search and national agricultural policy. The passage of the Morrill Act, which established the 
land-grant institutions, and later of the Hatch Act, which founded the state agricultural experi-
ment stations, signaled the beginning of a long and fruitful relationship between education and 
the discovery of new knowledge. The Hatch Act, in effect, established a national policy designed 
to increase the efficiency of American agriculture. This goal remains basically unchanged today, 
although it has been broadened to include additional concerns voiced by society. 
The land-grant system, joined by the federal agencies and by private industry, has contribut-
ed much to the pool of agricultural knowledge and has vastly increased the efficiency of 
agricultural production in the United States. At the same time, capital has been substituted for 
labor as fewer farmers have produced food for more and more people. In turn, agriculture now re-
lies heavily on off-farm production inputs such as machinery, pesticides, fertilizers, fuels, and 
various services. These, along with other resources, have been aggregated with new varieties of 
crops to result in maximizing potential production capacities within certain climatic variations. 
The management skills required to integrate these resources effectively into efficient production 
schemes are high, and the necessary skills and decisions are becoming more complicated, as 
participants in this seminar series have described. This kind of management is characteristically 
dependent upon research innovations, and the early adopters now are closer to the sources of re-
search than at any time in history. The time lag between discovery and application is short and 
almost nonexistent in certain areas of research. 
As science develops new information that applies to the growth and development of man, 
animals, plants, and pests, the number of alternatives increases for solving some of the most 
complex problems facing society, in general, and agriculture, in particular. For this reason, basic 
research in such areas as photosynthesis, auxin regulation of growth processes and reproduction, 
and the nature of biochemical reactions opens new fields of research that can apply this 
knowledge to efficient management and manipulative systems. The specialization that forces 
more discrete investigations requiring more elaborate sensory equipment and more intricate 
formulation narrows the vision. As a result, groups of scientists are brought together to consider 
systems - to model, if you will, a particular process or reaction. Groups aggregate into dis-
ciplines, disciplines into departments, related departments into colleges, and related colleges into 
the broad-based university. As Schultz (1969) has observed, "The benefits of close association of 
agricultural workers with other scientists increase over time; thus, the comparative advantage of 
an agricultural experiment station associated with a major or research-oriented university is 
strong and clear." 
It is in this setting, one that challenges the land-grant universities to develop new manage-
ment arrangements and to focus on some of the broader problems of society, that we find 
ourselves. The nature of these problems, which are of concern to people and to which the research 
1Associate Director, Agriculture and Home Economics Experiment Station, Iowa State Univer-
sity, Ames, Iowa 50010. 
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complements of the broad-based university are being called upon to address, is causing some in-
ternal stress, particularly on the discipline orientation, which has been the backbone of the 
system since inception. The departmental structure, based on scientific disciplines, however, has 
been strengthened by the growth of professional societies and the synergisms brought about by 
the interaction of scholars. 
The record of the complex of science disciplines that make up the agricultural experiment 
stations has been good, except for an occasional instance such as that which resulted in the de-
vastation of our native elms. Because research often is based on access to new tools, methods, and 
approaches, and more often than not related to funds, most of the new thrusts have been on 
problems that have gained particular visibility or urgency. This has been evidenced in recent 
years as crash programs, such as those earmarked for solving the Southern Corn Leaf Blight pro-
blem or the massive effort of today to develop alternative sources of energy. Science more and 
more has been called upon to provide an immediate solution to problems. The research complex 
has reacted to these crises, making use of the supplemental funds provided to move the frontiers 
of knowledge in specific directions. This system has aggregated scientists into research groups, 
facilitated communication between a limited complex of science disciplines, and broadened a few 
fortunate participants. Individual institutions have gained from this partnership; others have re-
affirmed past judgments of competencies and adaption to the team effort. In general, society has 
been the ultimate beneficiary. 
The current recognition of the public universities' ability to solve the problems of society 
represents a signal opportunity for these organizations to identify ways and means for respond-
ing to this trust and to demonstrate a capacity to present alternative solutions. Whatever the 
outcome of evolving an efficient management system, the preservation of an environment that 
favors creative thought and scholarly interaction, free from undue pressures from outside change 
agents or university hierarchy, is essential to success. In my opinion, there will not be any one 
best system of organization, but rather, a variety of arrangements based upon the traditional 
patterns of a particular university's method of operation, administrative philosophy, and willing-
ness of the components to want cooperatively to make a particular arrangement functional. 
The institutional arrangements for any given set of problems will be dictated in part by the 
definition of the problem, its broadness, and the scientific expertise required for its solution. The 
eventual goal of a systems approach to problem solving may well result in the development of a 
model having components involving, not only the biological and physical systems, but also the 
social aspects. The success of such a venture therefore may well relate to the identification of re-
searchable packages and the development of predictive indicators. It is therefore relevant to re-
search organization and planning to appreciate the complexity of the problems such as those il-
lustrated by integrated plant pest management systems and involving a number of the tradi-
tional disciplines and of specialties within them. The solution of many of these broad-based 
problems will require the concerted effort of interdisciplinary teams from many research 
establishments working in concert. In this way, priorities based on institutional competence can 
be brought to bear without jeopardizing the ongoing programs of other research efforts. The com-
plexities of this kind of planning are obvious. 
The institutional arrangements that will permit this kind of focus on broad problems and 
planning also are reflected in such ongoing programs as those sponsored under regional research. 
Individual institutional efforts to organize specific components into groups have spawned the de-
velopment of the pioneering laboratories of the U. S. Department of Agriculture, which met their 
demise in the recent reorganization movement. Universities have established boards, councils, 
consortiums, task forces, institutes, and centers. The alternatives and nomenclature are almost 
infinite. 
The basic component of any organizational pattern, however, is the research project, which 
has been the traditional approach to problem solving and the research effort. There are those 
who contend that it is impossible to plan research, because research itself is a probe into the un-
known. Scientists' outlines for proposed research, however, testify that scientists do identify the 
topic to be studied, that they do present rational justifications and needs for the research, that 
they do develop objectives, that they can specify an approach, and that they can determine, 
within given limits, the planning horizon for a certain set of information. It is implicit within 
this system that ev~ry research project is, in fact, designed to provide new information that is ap-
plicable to some problem, that it is designed to fill in a blank in the unknown, and that there is a 
goal or objective for a particular research thrust. This is true for both immediately applicable 
and basic research. 
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Bush (1945) defined basic research, as that "which leads to new knowledge." It "provides 
scientific capital. It creates the fund from which practical applications of knowledge must be 
drawn. New products and new processes do not appear full grown. They are founded on new prin-
ciples which in turn are painstakingly developed by research in the purest realms of science .. .. 
Universities . . . are uniquely qualified by tradition and their special characteristics to carry on 
basic research .. .. It is chiefly in these instititutions that scientists may work in an atmosphere 
which is relatively free from the adverse pressure of convention, prejudice, or commercial 
necessity." 
The importance of basic research to the development of new breakthroughs was well 
documented in a 1968 National Science Foundation report, "Technology in Retrospect and 
Critical Events in Sciences," (see Thompson, 1969). In the study, five technological innovations 
were traced back to the series of experiments that led to a particular development. Of the 340 or 
more key events documented, the study found that 70 percent were nonmission or basic research, 
20 percent were mission oriented, and 10 percent were involved with development and (or) ap-
plication. Ninety percent of the basic research that led to a breakthrough was completed 10 
years before the introduction of the technology that stemmed from it. One of the conclusions that 
can be drawn from this study is that undirected research with the primary goal of uncovering 
new information is the basis for understanding the applied research that leads to the solution of 
a relevant problem or the development of a new innovation. 
In comparison with the traditional source of funding for the agricultural experiment sta-
tions, the rapid growth of the federal foundations after World War II has had a significant effect 
on the kind of agricultural research conducted in certain fields of science. Whereas the thrust of 
agricultural research funded under the Hatch Act has been focused on agricultural problems, the 
objective of foundation-supported research has been on a wide variety of basic research studies. 
The decision on the nature of the research to be conducted under a foundation grant is made by 
the scientist and the funding agency. Within particular departments, therefore, there have been 
significant shifts in the last two decades between the amount of basic and applied research being 
conducted. This is not to say that these shifts are not in the best interests of the public over time, 
but it does point to a change in research emphasis among some projects. The research results de-
rived from these projects may be more difficult to apply to the solution of problems of current 
public concern. 
The need for a balanced program and a sensitivity for the importance of relevancy is not 
unique to agricultural research. As indicated, the primary focus of the National Science Founda-
tion has been on basic research, articulated by the agency as research aimed at assuring ade-
quate fundamental understanding for national purposes and at providing the undergirding for 
advanced research as well as for applied and developmental work. In 1968, however, amend-
ments to the National Science Foundation appropriation gave the agency authority to support 
applied research. There evolved from this authorization the RANN program, Research Applied to 
National Needs, whose first experiment resulted in the ffiRPOS program. 
After organization of this new effort, the administrators reported that their greatest 
challenges were getting researchers and institutions working in genuine team efforts. The con-
cern of the scientific community to become obligated to the beck and call of federal agencies and 
foundations because of soft-money commitments has been another factor complicating this kind 
of hit-and-miss funding. Regardless, some of the federal agencies are beginning to appreciate 
that there is a balance between basic and applied research and a continuum that is important to 
the total research effort. This continuum results in the production of new knowledge and the ul-
timate development and dissemination of new technologies. If one operates in a vacuum, the 
sacrifice in terms of progress brought about by increased time lags between discovery and ap-
plication raises questions about the institutional arrangements that allow this to occur. 
At this point, one might ask, "What does this have to do with the organization of 
multidisciplinary research efforts or with the topic of integrated plant pest management 
systems?" The nature of research is such that the continuum and balance between basic and ap-
plied research are essential to the understanding of the agricultural research process. The ad-
ministrative structure that provides the necessary flexibility, the incentives, the access to col-
leagues, equipment, resources, and facilities must be carefully developed rather than decreed. It 
must recognize that the most important resource is the research scientist, his skill, his intellec-
tual powers, his creative talents, his ability to give and take, and the stage of development of his 
particular science discipline. In turn, the potential benefits that can be gained from aggregating 
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scientific teams are closely related to the nature of the problem and the kind of expertise re-
quired for its solution. In other words, the broader and more complicated the problem, the greater 
is the number of scientists required to provide a solution. The ability to communicate within this 
framework, while sometimes inversely related to the number of people, is related to personalities 
and the scientific competence of the group. To express it in another way, the size of the research 
package, the competence of the scientists, the amount of resources available, and the stage of de-
velopment of the interacting disciplines will dictate, in part, the success of any multi- or 
inter-disciplinary effort. 
Looking at the balance of the research projects in the Iowa Experiment Station and at de-
veloping trends in the last 5 years, beginning in 1969, approximately 50 percent of the currently 
funded projects are one project leader, one-department operations. Forty percent involve two or 
more scientists as project leaders in a single departmental discipline, with number of staff per 
project ranging from two to six, but with most projects having three leaders. The remaining 10 
percent of the projects have two or more leaders from two or more departments. The largest 
number of leaders for a single project is nine, and the largest number of departments involved in 
a single project is four. 
There has been a trend towards the development of studies that involve a greater number of 
scientists from a greater number of departments. For example, of the 56 new projects initiated in 
1969, 24 percent involved two or more leaders from two or more departments. Three of these in-
terdisciplinary efforts list three cooperating departments and involve 4, 5, and 7 individual scien-
tists, respectively. Of the 49 new projects initiated in 1972, two involve four departments and 
complements of four and six staff members. This trend is partly a response to the nature of the 
problems we face and the recognition by the staff that multidisciplinary research is a bona fide 
approach to the solution of those kinds of problems. 
The organizational pattern wherein the interdisciplinary research efforts can function in 
Iowa or other state agricultural experiment stations probably will be a mix of the kinds of re-
search efforts that now exist. The question of structure might be posed in another way, such as: 
On what basis should an experiment station select a limited number of areas for research em-
phasis and encourage a complement of compatible, competent staff members to dedicate a certain 
amount of their research talent in working through the team approach to provide answers to a 
certain set of problems? In my opinion, this must be done in such a way as to permit individual 
team members access to their scientific discipline and to provide for interaction with their de-
partmental colleagues, without sacrificing valuable time in an excessive number of meetings or 
commuting between research facilities. It should preserve the integrity of departments and the 
access to the administrative talent that I believe exists in the departmental leadership in the 
Colleges of Agriculture. It must identify polydisciplinary, "bridge" scientists who provide the in-
tegration necessary to interpret the contributions of the individual scientists. To be successful, 
the system must not create animosities between scientists or departments or colleges. It must 
provide adequate resources commensurate with the challenge at hand. 
One such arrangement might be through a system similar to the regional research program. 
This would focus on broad problems such as environmental quality, with focus on waste manage-
ment and utilization, reduction of pollution from chemicals used in agriculture, and improved 
management and conservation practices to reduce runoff and erosion. Other broad categories 
might include the efficieny of crop and livestock production, human nutrition and food safety, 
pest management systems, energy alternatives for rural America, land use, transportation and 
marketing problems of agricultural and forest products, and rural development. Each broad area 
of research would be broken down into contributing task-force teams, each with a leader serving 
on the executive committee of the problem area. These task-forces, each with an administrative 
adviser, would identify and define major problem areas, determine what research is needed, de-
termine what was being done nationally and what could be done locally, determine individuals 
who should do the research, develop research proposals in a limited number of priority areas, and 
solicit grants to support research, where applicable. 
Relating alternative agricultural thrusts to those identified by RANN for consideration by 
Congress for fiscal 1975, it is important to note that these include (1) energy research and 
technology, (2) environmental systems and resources, (3) advanced technology applications, (4) 
social systems and human resources, and (5) exploratory research and problem assessment. 
Science as a whole is benefiting from the lessons learned in the agricultural research organiza-
tion, but it is imperative for us to learn from the foundations how to articulate our competencies 
in terms that the Congress and other legislative bodies can understand and translate in terms of 
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solving people's problems. 
In contrast to the regional research system, another approach might be to develop a program 
for in-house, interdisciplinary research faculty leaves, wherein activities other than research 
would be waived and the salary of the staff member compensated for by the experiment station 
for a certain specified period. This would permit complete immersion in a particular inter-
and (or) multi-disciplinary project. The time set could be cycled, depending on the projected plan-
ning horizon and stage of development of the research effort at the .time of instigation. 
Caws (1969) writing on the structure of discovery, states that the "Development of science is 
a stepwise process; nobody starts from scratch, and nobody gets very far ahead of the rest. At any 
point in history, there is a range of possible discovery; the trailing edge of the range is defined by 
everything known at the time, and the leading edge is a function of what is already known, 
together with variables representing available instrumentation and the capacity of the human 
(mind)." 
Carrying this concept of the research and discovery process one step further, putting it in 
context with the application of knowledge to broad-based problems in the university setting, I 
would like to quote from a letter that I prepared in November of 1971 to the University ad-
ministration. "The agricultural experiment stations have been the generators of much of the 
basic research on the environment, and on most aspects that constitute the basic natural re-
sources that form the tools of the farming community and agri-business of the state and the re-
gion. We have talked of ways and means of putting-it-all-together, of using the systems approach 
for solving the problems of our society. With the current pressures brought on by the explosion of 
knowledge, the eruption of youth, the consternation of conservatism, and the resistance to 
change brought on by senility, the university today must .. . demonstrate its ability to put-it-all-
together for the benefit of society. Unless I am badly mistaken, I believe that we as an institution 
have the ability, the leadership, and the resourcefulness to use the accumulation of knowledge 
from within and outside the land-grant system to set the pattern for integrating science with 
practice . .. to forge a systematic scheme for guiding development." 
In summary, I believe that an effective, working program of interdisciplinary research in 
proper balance with the ongoing structure of the project system cannot come by administrative 
decree or divine inspiration. Nor do I believe that we can afford the luxury of reaching that 
balance solely through the evolutionary process. Indeed, the most effective force may be the com-
bined efforts of individual scientists in evaluating alternatives, in testing arrangements, and in 
developing a working program in which the contributing individuals have confidence. 
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